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The  National  Institute  of  Allergy  and  Infectious  Diseases  conducts  and 
supports  a  broad  program  of  research  directed  at  helping  medical  science 
find  improved  ways  of  diagnosing,  treating,  and  preventing  allergic  condi- 
tions and  infectious  diseases.   In  carrying  out  its  mission  the  Institute 
continues  its  role  of  training  future  medical  research  workers. 

The  Institute  has  continued  the  strategy  inaugurated  last  year  of  approach- 
ing its  mission  by  three  tactical  methods.   First,  scientist-originated 
free-ranging  research  is  supported  in  medical  schools  and  hospitals  by 
grants  and  also  conducted  in  the  Institute's  own  laboratories.   Second, 
some  ten  areas  are  currently  selected  for  special  emphasis  through  grant 
support;  these  include  antiviral  substances,  chronic  and  degenerative 
diseases  of  microbial  origin,  emphysema  and  chronic  lung  disease.   Third, 
the  Institute  conducts  nationally  organized  programs  in  partnership  with 
industry,  universities,  and  research  centers  funded  by  contracts  to  provide 
for  the  development  of  scientific  technology  and  evaluation.   The  Vaccine 
Development  Program  which  has  been  primarily  concerned  with  respiratory 
virus  vaccines  has  been  extended  this  year  to  include  development  of  a 
pneumococcal  vaccine.   The  Transplantation  Immunology  Branch  of  the 
Collaborative  Program  includes  immunosuppressive  drug  studies  and  histo- 
compatibility investigations. 

In  conjunction  with  other  institutes  of  the  NIK,  the  NIAID  is  developing 
procedures  for  examining  special  disease-oriented  problems  with  the  assis- 
tance of  its  regularly  constituted  advisory  groups.   An  initial  effort  was 
a  summary  description  of  areas  of  science  opportunities  with  the  five-year 
projection  of  estimated  funds.   These  areas  were  transplantation  and 
immunology,  vaccine  development,  emphysema  and  chronic  obstructive  lung 
disease . 

The  evolution  of  a  Program  Planning  and  Budgeting  System  (PPBS),  appropriate 
for  a  biomedical  research  organization,  has  been  aided  by  the  previous 
experience  of  the  Institute  in  viewing  its  complex  program  in  terms  of 
nationally  organized  and  special  emphasis  research  programs.   Program  struc- 
ture is  the  framework  for  organizing  information  about  the  Institute's  activ- 
ities in  terms  of  major  categories  which  embody  specific  objectives.   Program 
structure  is  basic  to  the  more  difficult  tasks  of  evaluation  (how  well  are 
the  objectives  being  reached)  and  analysis  (how  are  objectives  chosen  and 
what  are  the  alternative  ways  of  reaching  them).   Structure,  evaluation  and 
analysis  are  the  major  components  of  the  PPB  System  -  an  aid  to  making  wise 
decisions  and  achieving  balance  in  the  expenditure  of  public  funds. 


In  the  continuing  effort  to  explore  and  develop  new  ways  to  improve  scienti- 
fic communications  various  techniques  have  been  evaluated  and  new  methods 
studied.   The  intra-institute  semimonthly  distribution  of  summaries  or 
abstracts  of  new  manuscripts  has  continued  and  studies  made  of  a  key-word 
designation  for  each  which  would  lead  to  prompt  insertion  into  data  retrieval 
systems.   A  project  was  initiated  for  a  monthly  informal  interchange,  between 
active  investigators,  of  research  progress  notes  and  summaries  under  the 
title  "Interferon  Scientific  Memoranda."   This  is  providing  some  250  inter- 
feron investigators  throughout  the  world  with  an  opportunity  to  exchange 
latest  findings,  including  negative  data,  on  a  level  comparable  to  that 
exchanged  during  personal  visits.   Used  primarily  as  a  feasibility  study, 
this  project  is  affording  an  opportunity  to  study  and  evaluate  such  newer 
methods  of  rapid  and  informal  communication  between  scientists  as  the 
weekly  distribution  of  summaries  and  bibliographic  lists  on  microfilm. 
Individual  technical  reports  (i.e.  mainly  progress  reports  from  research 
contractors)  submitted  to  the  Clearinghouse  for  Federal  Scientific  and 
Technical  Information  from  related  program  studies  are  reported  together. 

The  Research  Information  Section  continued  its  efforts  to  change  the 
complacent  attitude  of  the  American  public--both  lay  and  scientif ic--toward 
allergic  and  infectious  diseases  by:  maintaining  its  credibility  with  mass 
media  representatives;  providing  clearly  written  explanations  of  research 
programs  and  progress  for  the  general  public;  and  alerting  the  medical- 
scientific  community  to  research  advances.   Successful  examples  during  the 
year  included:  a  DHEW  press  briefing  on  virus-cancer  relationships;  press 
followup  of  the  timely,  NIAID-supported  "Science  Writers'  Seminar  in 
Transplantation"  at  Duke  University;  a  new  series  of  research  fact  sheets 
on  such  topics  as  the  common  cold,  rabies,  infectious  mononucleosis  and 
hepatitis,  and  the  production  and  distribution  of  "The  Miraculous  Pool,' 
a  film  depicting  the  activities  of  NIH  and  this  Institute's  vaccine 
development  program.   This  film  was  produced  by  a  private  foundation  at 
no  cost  to  the  government  and  has  already  had  more  than  300  bookings  on 
television  stations  throughout  the  Nation. 

A  comprehensive  description  of  program  activities  and  accomplishments  is 
contained  in  the  main  body  of  the  Institute  report  which  follows. 
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COLLABORATIVE  RESEARCH  PROGRAMS:   SUMMARY 
NATIONAL  INSTITUTE  OF  ALLERGY  AND  INFECTIOUS  DISEASES 


Following  the  sudden  death  in  November  1967  of  Dr.  John  Reagan  Overman, 
directorship  of  the  Collaborative  Research  Program  was  assumed  by  Dr.  James  W. 
Colbert  in  April  1968.   Five  other  staff  members  also  joined  the  Program 
this  year:   Edwin  M.  Lerner  II,  M.D.,  Roger  V.  Ohanesian,  M.D.,  John  Ray, 
Ph.D.,  Robert  M.  Pennington  and  William  M.  Doak. 

$11  million  was  appropriated  for  all  programs  in  FY  1968,  with  transplantation 
immunology  and  rubella  vaccine  development  activities  each  being  increased 
by  $500,000.   A  total  of  147  research  projects  were  funded:   41  with  profit 
making  organizations,  of  which  17  are  pharmaceutical  companies;  66  with 
universities;  22  with  non-profit  groups;  and  18  with  federal,  state  and  local 
government  agencies.   In  mid-year,  the  Institute  accepted  responsibility  for 
the  management  of  the  U.S. -Japan  Cooperative  Medical  Science  Program,  the 
International  Centers  for  Medical  Research  and  Training  Program  and  the 
International  Research  Career  Development  Program  effective  July  1,  1968. 
To  support  these  expanding  programs,  the  Geographic  Medicine  Branch  was 
established  within  the  Collaborative  Research  Programs  and  steps  are  being 
taken  to  assimilate  these  program  activities  within  the  Institute  organization 
framework. 

Highlights  of  the  programs'  accomplishments  are  listed  below,  with  more 
detailed  documentation  to  be  found  elsewhere  in  this  report: 

1.  Derivations  of  the  HPV-77  rubella  virus  vaccine  strain  were  produced 
in  three  tissue  culture  systems  and  evaluations  undertaken.   One 
contractor  --  whose  field  trials  were  conducted  on  the  island  of 
Taiwan  where  an  epidemic  is  spreading  --  reports  early  promising 
results  which  give  rise  to  the  hope  that  licensure  of  a  vaccine 
could  be  imminent. 

2.  Following  the  administration  of  inactivated  parainfluenza  and 
respiratory  syncytial  vaccines,  strong  evidence  was  produced  that 
serum  antibody  --  generally  accepted  as  producing  protection  -- 
actually  may  contribute  to  pathogenicity. 

3.  Application  for  licensure  of  an  ad eno -4- vac cine  has  been  submitted 
to  the  Division  of  Biologies  Standards  by  Wyeth  Laboratories  based 
on  research  studies  originated  by  NIAID  scientists  and  research 
contract  support. 

4.  Several  rhinovirus  vaccine  preparations  are  being  studied;  with 
approximately  100  serological  types  of  rhinovirus  identified,  the 
problem  of  developing  an  effective  multivalent  vaccine  is  becoming 
exceedingly  complex. 

5.  A  pneumococcal  vaccine  development  program  was  undertaken  after 
studies  showed  that  10  different  types  account  for  nearly  707o  of  the 
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bacteremic  infections.   Preliminary  estimates  indicate  that  an 
effective  vaccine  could  reduce  annual  mortality  by  15,000  and  save 
approximately  $50  million  a  year;  surveys  are  being  extended  to 
include  nationwide  high  risk  and  other  groups. 

Transplantation  immunology  contracts  have  increased  from  24  to  36, 
reflecting  an  increase  in  support  from  $1.4  million  to  $2.3  million. 
Nine  regional  tissue  typing  facilities  have  been  established;  im- 
provement has  been  noted  in  accuracy  and  uniformity  of  typing;  and 
kidney  preservation  procedures  are  being  explored. 

The  research  reference  reagents  program  has  more  than  doubled  its 
total  number  of  items  distributed  this  year.   Among  other  new 
materials,  10  arbovirus  reagents  were  approved  for  release. 

Analysis,  exchange  and  dissemination  of  information  has  improved; 
several  workshops  were  conducted;  several  catalogs  and  compilations 
are  currently  being  prepared  or  distributed;  and  a  series  of  informal 
program  notes  are  being  published. 
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SCIENTIFIC  AND  TECHNICAL  INFORMATION  ACTIVITIES 

Technical  Reports 

The  Collaborative  Research  Program  will  have  released  about  75  technical 
reports  to  the  Clearinghouse  for  Federal  Scientific  and  Technical  Infor- 
mation (CFSTI)  by  the  end  of  FY  1968.   This  will  bring  the  total  to  more 
than  250  reports  that  the  program  has  released  to  the  public  since  November 
1965.   A  compilation  of  abstracts/citations  is  being  prepared. 

CFSTI  highlighted  36  of  these  reports  in  its  newsletter,  Fast  Announcement. 
This  is  distributed  to  about  2500  subscribers  and  330  journal  editors  and 
press  in  biology  and  medicine. 

The  National  Library  of  Medicine  (NLM)  announces  the  reports  in  a  new 
(since  January  1968)  Technical  Reports  Section  of  the  NLM  Current  Catalog. 

Most  contractors   now  report  annually  rather  than  semiannually. 

Coverage  of  Other  Government  Report  Literature 

Abstracts  of  interest  to  NIAID  from  1967  to  1968  issues  of  U.S.  Government 
Research  &  Development  Reports  were  selected  for  the  NIAID  Internal 
Scientific  and  Technical  Exchange  Memorandum  as  well  as  for  CRP  Notes . 

Compilations  and  Catalogs 

In  June  1967,  the  Collaborative  Research  Program  began  issuing  an  internal 
serial,  CRP  Notes,  to  Program  participants,  NIAID  staff,  and  others.   These 
notes  contain  announcements,  meetings,  lists  of  recent  publications  and 
manuscripts,  technical  items,  reviews  of  recent  literature,  abstracts ,  and 
descriptions  of  contracts.  Three  issues  have  appeared  and  at  least  one 
more  is  planned  in  FY  1968.  The  Program  has  sponsored  or  is  preparing  a 
number  of  compilations: 

Abstracts  of  Semiannual  Progress  Reports  from  Participants  in  the  NIAID 
Vaccine  Development  Program.   Available  from  CFSTI,  PB-176961.  October  1967. 

Catalog  of  Research  Reagents,  1968.   Compiled  by  the  Research  Reference 
Reagents  Branch. 

Distribution  List  of  Virus  and  Mycoplasma  Reagents  (Special) .   Compiled  by 
Research  Reference  Reagents  Branch.   August  1967. 

Fuccillo,  D.  A.  (Ed.)  The  Technical  Report  in  the  Biomedical  Literature 
Proceedings  of  a  Workshop  held  on  April  24,  1967,  at  the  National  Institutes 
of  Health.   Available  from  the  Editor.   September  1967. 


Ohanesian,  R.  and  D.E.  Kayhoe  (Eds.)   Catalog  of  Tissue  Typing  Antisera; 
Supplement,  Manual  of  Tissue  Typing  Techniques.   Available  from  the  Trans- 
plantation Immunology  Branch.  March  1968. 

Selected  References  on  Anti lymphocyte  Sera.   Prepared  for  the  Transplantation 
Immunology  Branch.   Available  from  CFSTI.   January  1968. 

Taylor,  R.M.  (Comp.)   Catalogue  of  Arthropod-borne  Viruses  of  the  World. 
Library  of  Congress  Catalog  Card  Number:   67-60097;  Public  Health  Service 
Publication  Number:   1760.   Available  from  the  Superintendent  of  Documents, 
U.S.  Government  Printing  Office,  Washington,  D.C.,  1968.  $5.25.. 

The  catalogs  of  both  the  Research  Reference  Reagents  and  Transplantation 
Immunology  Branches  were  prepared  on  a  newly  acquired  MT/ST  machine.   Thus, 
they  are  on  magnetic  tape  and  may  be  readily  updated. 

Liaison 
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Contact  with  the  Division  of  Research  Grants,  other  NIH  information  programs, 
NLM,  and  CFSTI  are  being  maintained.   These  groups  have  furnished  valuable 
input  into  the  Program. 

Meetings  (1 

July  _10,  Conference  on  RS ;  jj_.  Vaccine  Development  Committee;  both  held 
at  NIH. 

August  ^.  Conference  on  Adenoviruses,  NIH. 

September  14-15,  Contractors  Meeting,  Research  Reference  Reagents  Branch, 
University  of  Vermont;  ^,  Conference  on  Streptococcal  Vaccine, 
La  Rabida  Jackson  Park  Sanitarium,  Chicago. 

October  J^,  Seminar  on  Tissue  Typing  Immunology;  2-3,  Contractors  meeting, 
Transplantation  Immunology  Branch;  4,  Transplantation  and  Immunology 
Committee;  all  were  held  in  Williamsburg,  Virginia.   12-13,  Contractors 
meeting.  Vaccine  Development  Branch;  16-17 .  Arboviruses  Committee; 
30-31.  Vaccine  Development  Committee;  all  were  held  at  NIH. 

November  ^9,  ^  hoc  Pneumococcal  Vaccine  Advisory  Committee,  NIH.  . 

December  JJ.,  ad^   hoc  Advisory  Group  on  Enteroviurses,  NIH. 

January  r7.  Joint  meeting  of  the  Immunobiology  Study  Section  Committee  and 
the  Transplantation  and  Immunology  Advisory  Group;  J^,  Transplantation 
and  Immunology  Committee;  22-23,  Vaccine  Development  Committee,  all 
were  held  at  NIH. 


February  _6,  Meeting  on  Inactivated  Rubella  Vaccines;  9_,    Rhinovirus  Workshop; 
both  were  held  at  NIH. 

March  6-7 ,  Research  Reagents  Committee,  NIH.  ]_,  Antilymphocyte  Sera  Committee. 
Boston.  ]A,  Meeting  on  the  Kidney  Registry;  14-15,  Arboviruses  Committee: 
15-16,  Transplantation  and  Immunology  Committee;  _16,  Workshop  for 

Arboviruses  Contractors;  all  held  at  NIH. 


April  1-2,  Vaccine  Development  Committee,  NIH.  12,  Transplantaition  and 
Immunology  Committee,  Atlantic  City,  New  Jersey. 

June  6-7 ,  Research  Reagents  Committee;  6-8,  Transplantation  and  Immunology 
Committee;  both  at  NIH.  (Planned) 


Other  Presentations 

Participants  and  staff  of  the  Collaborative  Research  Program  contributed  to 
a  number  of  other  scientific  and  technical  information  activities.   These 
include  papers  in  the  open  literature,  talks  at  workshops  and  meetings 
sponsored  by  other  groups,  and  technical  support  for  public  information 
activities  such  as  the  preparation  of  the  documentary  sound -on- film, 
"The  Miraculous  Pool."  In  addition,  staff  members  presented  the  following 
papers : 

Fuccillo,  Domenic  A.,  Jr.   "Generation  and  Use  of  the  Technical  Report," 
Society  of  Technical  Writers  and  Editors,  September  8,  1967,  Georgetown 
University,  Washington,  D.C. 

Overman,  John.  "New  Directions  in  Vaccine  Development,"  Symposium  on 
Production  of  Viruses,  American  Chemical  Society,  September  11,  1967, 
Chicago,  Illinois. 


VACCINE  DEVELOPMENT  PROGRAM 


RESPIRATORY  VACCINES  DEVELOPMENT 
1.   SUMMARY 


Significant  and  rather  unexpected  results  this  year  have  resulted  in  a 
reappraisal  of  the  role  of  serum  antibody  in  respiratory  tract  infections. 
It  is  well  known  for  systemic  infections  (poliomyelitis,  measles,  diphtheria, 
etc.)  and  for  some  infections  which  appear  to  be  limited  to  the  respiratory 
tree  (influenza,  adenoviruses,  pneumococci)  that  serum  antibody  by  itself  is 
protective.   As  a  result  of  several  vaccine  trials  -  particularly  with  in- 
activated parainfluenza  and  respiratory  syncytial  virus  vaccines  -  it  would 
appear  that  the  development  of  serum  antibody  per  se  is  not  effective  in 
conferring  protection  on  the  host.   In  fact,  in  the  case  of  respiratory 
syncytial  virus,  present  evidence  would  appear  to  incriminate  serum  antibody 
in  this  disease.,  It  is  well  established  that  respiratory  syncytial  virus 
induced  illness  necessitating  hospitalization,  such  as  bronchiolitis  and 
pneumonia,  is  seen  predominately  in  infants  under  the  age  of  six  months,  all 
of  whom  possess  maternally  transmitted  antibody.   Furthermore,  recent  studies 
with  an  inactivated  hundred  fold  concentrated  respiratory  syncytial  virus 
vaccine  (Pfizer)  demonstrated  that  the  vaccine  was  antigenic  i.e.  induced 
the  development  of  significant  serum  antibody.   However,  the  vaccine  did  not 
protect  children  against  illness  following  natural  exposure  to  the  virus. 
In  fact,  there  is  evidence  from  several  studies  that  the  vaccine  and  its 
Subsequent  induction  of  serum  antibody  may  have  predisposed  vaccinees  to  more 
severe  illness  when  they  eventually  came  into  contact  with  the  virus.   These 
observations  have  led  to  the  hypothesis  that  serum  antibody  plays  a  direct 
role  in  the  pathogenesis  of  respiratory  syncytial  virus  disease.   The  corollary 
of  this  hypothesis  is  that  it  is  local  antibody  within  the  respiratory  tract 
which  is  responsible  for  conferring  protection.   Studies  are  now  underway  in 
animals  to  prove  the  correctness  of  these  conclusions.   In  addition,  vaccine 
materials  (Lilly)  are  now  available  for  study  in  adults  to  determine  whether 
vaccine  applied  intranasally  will  induce  the  development  of  protective  anti- 
body in  respiratory  tract  secretions.   Definition  of  the  roles  for  serum  and 
secretory  antibody  in  immunity  and  the  pathogenesis  of  respiratory  disease  is 
essential  for  the  eventual  development  of  safe  and  effective  respiratory 
vaccines. 

Extensive  field  trials  of  the  adenovirus  type  4  tableted  vaccine  are  continuing 
in  the  Armed  Forces.   To  date,  about  half  a  million  recruits  received  the  oral 
vaccine,  which  was  prepared  by  Wyeth  Laboratories  and  made  available  to  the 
Armed  Services  on  a  cost-reimbursement  basis.   The  vaccine  continues  to  be 
about  80-90  percent  effective  against  the  natural  disease,  and  no  untoward 
reactions  have  occurred.   The  manufacturer  has  submitted  an  application  for 
licensure  to  the  Division  of  Biologies  Standards.   Adenoviruses  type  7  and  3 
are  associated  with  significant  respiratory  tract  disease  in  the  Armed  Forces, 
and  efforts  to  develop  suitable  vaccines  have  been  hampered  because  adenoviruses 
type  3  and  7  are  weakly  oncogenic  by  injection  into  newborn  hamsters.   The 
significance  of  this  phenomenon  to  the  problem  of  human  cancer  is  being  studied 
in  collaboration  with  investigators  supported  by  the  National  Cancer  Institute. 
Evidence  at  hand  does  not  support  a  significant  role  for  these  viruses  in 
human  oncology.   At  any  rate,  small  careful  clinical  studies  will  be  getting 


underway  in  the  very  near  future  on  subunit  (Wyeth)  and  soluble  (National 
Drug)  antigen  preparation  as  well  as  live  and  inactivated  whole  virus  (Wyeth) 
vaccines  for  these  and  other  adenoviruses.   An  observation  has  been  made  by 
Wyeth  Laboratories  that  formamide  treatment  of  intact  virions  results  in  the 
cleavage  of  inter-capsomere  bonds  and  the  fracturing  of  the  virus.   This 
observation  may  accelerate  the  development  of  a  nucleic  acid  free  subunit 
vaccine. 

Oncogenicity  testing  in  newborn  hamsters  of  all  of  the  adenovirus  types  has 
been  completed.   The  nature  of  the  adenovirus  oncogenic  genome  is  being 
actively  studied  by  Dr.  Maurice  Green  at  St.  Louis  University.   It  now  appears 
from  messenger  RNA  studies  that  only  50  percent  of  the  adenovirus  genome  is 
transcribed  in  transformed  cells.   This  is  in  contrast  with  the  infectious 
phase  of  adenovirus  multiplication  where  100  percent  of  the  adenovirus  genome 
is  transcribed.   Hopefully,  it  should  be  possible  to  ascertain  at  the  molecular 
level  the  critical  events  involved  in  adenovirus  transformation  and  tumor 
induction. 

A  live  attenuated  respiratory  syncytial  virus  vaccine  has  been  clinically 
tested  in  adults  and  in  older  children.   The  vaccine  is  administered  intra- 
nasally,  induces  infection  without  disease,  and  shows  promise  of  surmounting 
the  difficulties  posed  by  the  inactivated  vaccine. 

The  inactivated  trivalent  parainfluenza  vaccine  was  antigenic  in  children  by 
parenteral  administration  but  was  not  at  all  protective  against  natural  disease. 
In  addition,  some  vaccine  lots  lost  antigenic  potency  on  storage.   Studies  are 
getting  underway  to  administer  this  vaccine  intranasally  in  attempts  to  induce 
secretory  antibody. 

The  development  of  Mycoplasma  pneumoniae  vaccines  has  been  hampered  by  an 
inability  thus  far  to  achieve  an  inactivated  vaccine  preparation  which  is  at 
least  90  percent  antigenic  in  human  volunteers.   With  this  agent   serum  anti- 
body levels  correlate  well  with  protection,  but  there  still  is  not  a  good 
animal  model  for  antigenicity  studies.   A  vaccine  recently  prepared  by 
Drs.  Somerson  and  Senterfit  at  Ohio  State  and  St.  Louis  Universities  appears 
promising.   It  is  now  known  that  antigenicity  is  lost  during  prolonged  culture 
of  the  organism,  and  that  the  growth  medium  has  a  pronounced  effect  on  the 
retention  or  loss  of  the  antigenic  moiety.   The  antigenic  hapten  of  Mycoplasma 
pneumoniae  has  not  yet  been  completely  characterized  chemically  and  efforts 
to  conjugate  the  hapten  to  carrier  have  not  produced  an  antigenic  complex. 

The  rhinovirus  typing  program  continues  successfully.   There  would  appear  to 
be  about  one  hundred  distinct  serological  types  of  rhinoviruses .   Several 
prototype  inactivated  rhinovirus  vaccines  have  been  administered  by  intra- 
nasal and  intramuscular  routes  to  human  volunteers.   The  relative  protective 
roles  of  serum  and  nasal  antibodies  are  unaer  active  investigation. 

Drs.  Dorfman  and  Fox  at  the  University  of  Chicago  have  developed  a  purified 
streptococcal  M  protein  preparation.   A  contract  for  clinical  trials  with 
this  vaccine  has  just  recently  gotten  underway.   Preliminary  results  are 


promising.   There  are  still  a  few  rather  fundamental  problems  to  be  solved 
before  the  vaccine  can  be  used  v^idely,  but  the  magnitude  of  streptococcal 
disease  and  its  sequelae  and  the  promising  results  to  date  warrant  an  effort 
to  develop  a  streptococcal  vaccine. 

During  the  year,  there  has  been  a  reappraisal  of  the  Respiratory  Vaccine 
Development  Program.   New  knowledge  particularly  about  inactivated  vaccines 
and  the  fact  that  the  program  had  been  in  existence  for  five  years  necessita- 
ted this  review.   Several  contracts  were  dropped  or  phased  out,  and  the 
direction  of  a  number  of  other  contracts  was  changed  considerably.   The  result 
has  been  a  strengthening  of  the  entire  program. 


2.      CONTRACT  NARRATIVES 

Respiratory   Virus   Vaccine  Program 

CHAS.    PFIZER  &  CO..    INC.    (PH43-67-91) 

Title :   Research  and  Development  of  Respiratory  Disease  Vaccines 

Contractor's  Project  Director;   Dr,  Joel  Warren 

Project  Officer:   Dr.  Robert  Chanock 

Objectives ;   The  development  of  prototype  inactivated  vaccines  for  respira- 
tory syncytial  virus  and  for  M.  pneumoniae. 

Methods  Employed:   Growth,  concentration,  inactivation  and  preparation  of 
RS  vaccines  in  several  tissue  culture  systems.   These  were  tested  in  hamsters 
for  their  ability  to  stimulate  antibody  or  resistance  when  the  vaccine  was 
given  intranasally  or  intramuscularly.   Attempts  were  made  to  induce  per- 
sistent pulmonary  infections  in  young  chicks,  hamsters  and  guinea  pigs  with 
RS  virus,  in  order  to  obtain  an  inexpensive  host  for  protection  studies. 

Major  Findings ;   Supplied  a  number  of  prototype  vaccines  for  clinical  evalua- 
tion.  Although  these  vaccines  were  antigenic  in  humans,  their  protective 
I  ability  did  not  reach  the  level  necessary  for  a  licensable  product. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;   The  search  for  a 
safe,  effective  RS  virus  vaccine  is  a  priority  item  in  this  program. 

Proposed  Course  of  Project:   Will  terminate  on  June  30,  1968. 

Date  Contract  Initiated;  November  1,  1966. 

Current  Annual  Level;   $239,000 


UNIVERSITY  OF  VERMONT  (PH43-67-76) 

Title ;   Studies  on  the  Antigens  of  Respiratory  Syncytial  Virus 

Contractor's  Project  Director;   Dr.  Ben  Forsyth 

Project  Officer;   Dr.  Daniel  Mullally 

Objectives  ;   Preparation  of  purified  respiratory  syncytial  antigens  A  and  B. 
Preparation  of  specific  antisera.   Further  purification  and  identification 
of  RS  virus  antigens. 

Methods  Employed;   Use  of  the  Long  strain  of  RS  virus  and  subsequent  use  of 
other  antigenically  distinct  RS  virus  strains  such  as  CH  18537.   Virus  pro- 
pagated in  HEp2,  BEK,  MK  and  WI-38  cells.   Other  methods  employed  are  con- 
centration of  virus  and  antigens  both  physically  and  chemically,  CF  and 
neutralization  tests  for  serology,  chromatography,  density  gradient  centrifu- 
gation,  Immunoelectrophoresis  and  animal  immunization  using  guinea  pigs. 

Major  Findings ;  A  new  method  for  the  concentration  of  RS  CF  antigen  has 
been  developed.   Immunization  of  guinea  pigs  with  potential  inactivated  MK 
and  BK  RS  vaccine  has  been  found  to  produce  local  dermal  hypersensitivity 
to  the  homologous  immunizing  material.   Ten  strains  of  RS  virus  have  been 
successfully  adapted  to  grow  in  human  diploid  cells  (WI-38). 

Significance  to  NIAID  Program  and  Bio-Medical  Research;   Understanding  of  the 
antigens  found  in  the  RS  virus  will  aid  the  development  and  characterization 
of  RS  vaccines  being  developed  by  the  Branch. 

Proposed  Course  of  Project;   This  contract  will  continue  until  December  31, 
1968,  and  renewal  is  probable. 

Date  Contract  Initiated;   December  14,  1966 

Current  Annual  Level;   $69,000 


10 


ST.  LOUIS  UNIVERSITY  (PH43-67-79) 

Title;   Study  of  the  antigenicity  and  immunogenicity  of  Mycoplasma  pneumoniae 
vaccines 

Contractor's  Project  Director;   Dr.  Laurence  Senterfit 

Project  Officer;   Dr.  Robert  Purcell 

Objectives ;   The  development  and  further  refinement  of  methods  for  the 
measurement  of  antigenicity  and  immunogenicity  of  M.  pneumoniae  vaccines. 
Study  of  the  antigens  obtained  from  M.  pneumoniae  grown  under  varying  con- 
ditions in  experimental  media.   Serologic  testing  in  support  of  epidemiologic 
studies  and  field  trials  of  M.  pneumoniae  vaccines.  The  development  of  an 
animal  model  system  for  the  study  of  respiratory  syncytial  (RS)  virus  infection. 

Methods  Employed;  A  detailed  investigation  of  the  TRI  antibody  test.   Examina- 
tion of  the  antigenic  responsiveness  of  various  laboratory  animals.   Comparison 
of  standard  serologic  tests  now  and  others  that  may  become  available.   A 
cooperative  study  with  Dr.  Soraerson  of  Ohio  State  University  on  the  antigenicity 
and  immunogenicity  of  antigens  prepared  from  M.  pneumoniae  grown  under  various 
cultural  conditions.   Support  of  epidemiological  and  vaccine  trials  will  be 
provided  by  performance  of  serologic  tests  on  human  specimens.   Hamsters  are 
immunized  with  inactivated  RS  vaccines  and  later  challenged  with  RS  virus. 

Major  Findings  ;  A  promising  vaccine  against  M.  pneumoniae  has  been  developed 
and  is  undergoing  trials  in  volunteers.   An  animal  model  system  in  the  hamster 
for  respiratory  syncytial  virus  has  shed  some  light  on  the  nature  of  the 
"paradoxical"  response  to  inactivated  RS  vaccines. 

Significance  to  NIAID  Program  &  Bio-Medical  Research:   There  is  a  need  for  a 
better  animal  model  system  in  which  the  serological  response  to  potential 
inactivated  M.  pneumoniae  and  RS  vaccines  will  more  closely  parallel  the  human 
response.   Such  an  animal  will  aid  in  the  selection  of  a  more  potent  mycoplasma 
vaccine,  and  a  safe  effective  RS  vaccine. 

Proposed  Course  of  Project;   This  contract  will  be  in  effect  until  approximately 
July  1,  1968.   At  that  time  the  contract  will  be  terminated  and  a  new  contract 
with  the  same  principal  investigator  at  St.  John's  Mercy  Hospital  will  be 
initiated. 

Date  Contract  Initiated;   November  15,  1968 

Current  Annual  Level:   $54,000 
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ELI  LILLY  AND  COMPANY  (PH43-65-563) 

Title:   Studies  of  Respiratory  Syncytial  Virus  Vaccine 

Contractor's  Project  Director:   Dr.  Robert  Hull 

Prolect  Officer:   Dr.  Robert  Chanock 

Objectives:   The  production  of  concentrated  purified  Respiratory  Syncytial 
virus  vaccine  for  use  in  clinical  trials  has  been  the  main  objective  of  this 
project.   In  addition,  experimental  work  on  clarification  of  virus  harvests, 
concentration  of  virus  on  control  testing  and  on  the  immunization  of  animals 
by  intranasal  inoculation  has  been  undertaken. 

Methods  Employed:   Hamsters  and  ferrets  immunized  intranasally  have  been 
checked  for  CF  and  serum  neutralizing  antibody  and  for  resistance  to  challenge 
with  live  virus.   Attempts  are  being  made  to  identify  the  types  of  immuno- 
globulins produced  in  animal  nasal  secretions  and  serum  following  immunization. 

Major  Findings:   Some  antibody  was  produced  in  animals  by  the  intranasal  route 
of  inoculation  with  an  inactivated  vaccine.   Further  demonstration  of  protec- 
tion against  challenge  in  some  of  the  studies  gives  encouragement  to  continue 
this  type  of  study. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   Respiratory  Syncytial 
virus  is  the  most  important  single  respiratory  pathogen  in  young  infants.   It 
is  estimated  to  kill  10,000  infants  per  year,  and  results  in  many  cases  of 
bronchiolitis  and  pneumonia  requiring  hospitilization. 

Proposed  Course  of  Project:  The  experimental  work  will  continue  towards  the 
ultimate  goals  of  the  contract  and  will  be  evaluated  at  the  time  of  contract 
renewal. 

Date  Contract  Initiated:   April  1,  1965 

Current  Annual  Level:   $124,000 
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GEORGETOWN  UNIVERSITY  (PH43-67- 785) 

Title:   The  Role  of  Local  Antibody  in  Respiratory  Disease  Immunity 

Contractor's  Project  Director:   Dr.  Joseph  Bellanti 

Proiect  Officer:   Dr.  Robert  Chanock 

Obiectives:   To  measure  antibody  in  sera  and  nasal  secretions  obtained  from 
subjects  infected  naturally  or  with  experimental  vaccines.   To  develop 
additional,  more  sensitive  techniques  for  the  detection  of  secretory  antibody. 

Methods  Employed:   The  contractor  receives  from  other  contractors  in  the  program 
or  from  NIH  specimens  of  sera  and  nasal  secretions.   Titers  of  specific  anti- 
body in  sera  and  secretions  are  measured  by  neutralization  and  by  radio-immuno- 
diffusion  techniques. 

Major  Findings:   Studies  over  the  past  year  of  serum  and  nasal  secretions  from 
volunteers  infected  with  Mycoplasma  pneumoniae  led  to  the  development  of  a 
radiographic  technique  using  I-Dl  labeled  mycoplasma  antigens  for  the  detection 
of  specific  antibody.   Antibodies  in  secretions  could  not  be  found  by  this 
sensitive  method.   The  lack  of  nasal  antibody  may  account  for  the  persistence 
of  these  organisms  throughout  convalescence  in  spite  of  adequate  antibiotic 
treatment.   Some  preliminary  studies  have  begun  to  detect  R.  S.  antibody  in 
secretions . 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   Investigations  in 
this  program  have  produced  some  very  promising  leads  that  local  antibody 
(IgA)  in  respiratory  secretions  is  of  paramount  importance  in  the  development 
of  immunity  to  respiratory  illness.   Patients  receiving  inactivated  vaccines 
parenterally  do  not  have  nasal  antibody  and  can,  therefore,  be  infected. 
Patients  with  natural  infection  for  the  most  part  develop  nasal  antibody  in 
addition  to  serum  antibody.   These  observations  suggest  that  the  ability  to 
express  antibody  in  nasal  secretions  might  be  an  important  consideration  in 
devising  methods  of  immunoprophylaxis  against  respiratory  disease. 

Proposed  Course  of  Project:   This  contract  will  be  in  effect  until  April  18, 
1969,  with  probable  renewal. 

Date  Contract  Initiated:   April  19,  1967 

Current  Annual  Level:   $24,000 
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UNIVERSITY  OF  NORTH  CAROLINA  (PH43-67-48) 

Title:   Longitudinal  Studies  of  Acute  Respiratory  Disease  in  Children 

Contractor's  Project  Director;   Dr.  Floyd  Denny,  Jr. 

Proiect  Officer;   Dr.  John  Calvin  Perkins 

Objectives ;   To  develop  infant  population  groups  representative  of  various 
socio-economic  levels  for  longitudinal  observations  on  the  occurrence,  etiology 
and  prevention  of  acute  respiratory  disease. 

Methods  Employed;   Simultaneous  observations  are  being  made  on  children  of 
three  socio-economic  levels  -  lower,  middle  and  high.   Laboratory  studies  are 
directed  toward  the  detection  of  infections  with  bacterial,  viral  and  mycoplasma 
pathogens.   New  respiratory  vaccines  are  being  introduced  under  controlled 
conditions. 

Major  Findings;  A  trivalent  parainfluenza  vaccine  and  one  combined  with  DPT 
have  been  administered  to  71  infants  in  three  different  schedules.   Data  re- 
garding results  are  now  being  compiled.   In  the  surveillance  of  over  400 
illnesses  in  another  study  group,  M.  pneumoniae  and  parainfluenza  3  were  the 
dominant  agents  recovered.   In  a  third  study  group  a  longitudinal  study  revealed 
a  low  occurrence  of  respiratory  disease  during  the  autumn,  however^  since 
January  1968  successive  waves  of  illnesses  associated  with  mumps  virus,  adeno- 
virus and  RS  have  occurred.   RS  virus  has  been  isolated  from  children  who  were 
also  infected  one  year  ago. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:  Therei  is  suggestive 
evidence  that  the  pattern  of  respiratory  illness  and  its  specific  etiology 
varies  considerably  among  different  socio-economic  age  groups.   This  controlled 
study  will  explore  this  thesis.   In  addition,  this  contract  presents  a  unique 
opportunity  to  establish  the  indications  for  and  the  efficacy  of  newer  res- 
piratory vaccines. 

Proposed  Course  of  Project:   This  contract  will  be  in  effect  until  December  31, 
1968.   Renewal  is  anticipated. 

Date  Contract  Initiated;  November  14,  1966. 

Current  Annual  Level;   $60,000 


1 
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NATIONAL  DRUG  CO. (PH43-63-79) 

Title;   Research  and  Development  of  Respiratory  Vaccines,  (Parainfluenza, 
Adenovirus  and  Respiratory  Syncytial) 

Contractor's  Project  Directors;   Drs .  Donald  Metzgar  and  Joseph  DeMeio 

Project  Officer;   Dr.  Kenneth  Mcintosh 

Objectives  ;   Research  and  development  of  adenovirus  vaccines,  parainfluenza 
vaccines  and  a  small  project  on  the  adaptation  of  RS  virus  to  embryonated 
eggs  of  several  avian  species. 

Methods  Employed;   Crude  amniotic  fluids  from  embryonated  eggs  infected  with 
parainfluenza  type  1,  2  and  3  viruses  were  collected  for  the  preparation  of 
a  concentrated  triple  vaccine.   Soluble  antigen  preparations  of  adenovirus 
type  3  and  adenovirus  type  5  were  prepared  in  WI-38  and  AGMK  cells.   Vaccine 
potency  testing  is  done  in  guinea  pigs. 

Major  Findings;   In  general,  WI-38  propagated  adenovirus  vaccines  were  superior 
to  AGMK  propagated  vaccines.   Trivalent  parainfluenza  vaccine  has  been  prepared 
and  evaluated  clinically.   In  addition,  parainfluenza  vaccine  has  been  combined 
with  diphtheria  -  pertussis  -  tetanus  (DPT)  vaccine.   Tests  in  animals  indicate 
enhanced  antigenicity  of  the  combination  with  DPT.   Some  lots  of  trivalent 
vaccine  experienced  loss  of  potency  with  time.   Although  the  vaccines  have 
been  antigenic  in  human  trials  i.e.  stimulated  the  production  of  serum  anti- 
body, there  was  no  evidence  of  protection  against  natural  disease.   A  soluble 
antigen  preparation  of  adenovirus  type  5  is  being  evaluated  for  antigenicity 
and  protective  effect. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;   This  contract  provides 
the  experimental  vaccines  being  assessed  at  various  contractor  evaluation 
centers  in  the  program,  notably  Children's  Hospital,  D.  C. ,  University  of 
Colorado,  University  of  North  Carolina  and  California  State  Department  of 
Health. 

Proposed  Course  of  Project;   To  continue  to  conduct  research  and  development 

on  prototype  vaccines,  especially  against  parainfluenza  viruses  and  adenoviruses, 

Date  Contract  Initiated;   November  29,  1962. 

Current  Annual  Level;   $220,000 
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UNIVERSITY  OF  VIRGINIA  (PH43-63-1128) 

Title:   Surveillance  of  Respiratory  Infections  in  an  Industrial  Population 

Contractor's  Project  Director:   Dr.  Jack  Gwaltney 

Project  Officer:   Dr.  Albert  Kapikian 

Objectives:   To  obtain  scientific  information  which  will  define  further  the 
etiology  and  epidemiology  of  acute  respiratory  infections  in  adults  and  provide 
bases  for  the  prevention  or  control  of  these  infections.   The  immediate  objec- 
tives may  be  listed  in  two  general  categories:   1)  Understanding  of  known 
agents,  particularly  rhinoviruses  (common  cold  viruses),  and  2)  Search  for 
unidentified  agents.   A  volunteer  population  suitable  for  potential  rhinovirus 
vaccines  has  been  selected. 

Methods  Employed:   Pharyngeal  and  serum  specimens  are  obtained  from  volunteers 
participating  in  the  study  at  regular  intervals  and  during  respiratory  illness. 
Viral  specimens  are  tested  routinely  in  several  different  tissue  culture 
systems  including  human  diploid  cells  (WI-26  or  -38).   Paired  sera  from  before 
and  after  illness  have  been  tested  for  rhinovirus  antibodies,  using  a  micro- 
neutralization  technique.   Clinical  trials  of  experimental  rhinovirus  vaccines 
are  being  conducted. 

Major  Findings:   Surveillance:   68%  of  those  reporting  illness  were  sampled. 
Eighteen  percent  of  the  illnesses  studied  yielded  rhinoviruses.   Respiratory 
illness  excess  in  late  August  or  early  September  represents  unusually  early 
onset  of  fall  outbreak  of  colds.   Rhinovirus  isolation  percentage  was  487o. 
Laboratory:   In  addition  to  two  prototype  candidates,  seven  "new"  tjrpes  have 
been  recognized  among  the  strains  identified.   Epidemics  of  common  colds  have 
shown  a  multitude  of  different  rhinovirus  serotypes  present  in  this  population 
at  the  same  time. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   Rhinoviruses  are 
the  major  known  cause  of  the  common  cold.   The  epidemiology  of  this  disease 
must  be  better  understood  in  order  for  the  anticipated  vaccine  protection 
studies  to  be  meaningful. 

Proposed  Course  of  Project:   To  continue  as  long  as  fruitful  results  are 
obtained. 

Date  Contract  Initiated:   June  5,  1963 

Current  Annual  Level:   $41,000 
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TRUSTEES  OF  THE  UNIVERSITY  OF  PENNSYLVANIA  (PH43-66-465) 

Title :   Development  of  a  Live  Attenuated  Influenza  Vaccine 

Contractor's  Project  Director:   Dr.  Florence  Lief 

Project  Officer:   Dr.  John  Mills 

Objectives  :   To  conduct  studies  in  adult  human  volunteers  using  vaccine 
candidate  strains  of  live  influenza  virus. 

Methods  Employed:   The  contractor  tests  virus  strains  approved  by  the  Project 
Officer  for  (1)  attenuation,  (2)  optimal  tolerated  dosage,  (3)  capacity  to 
multiply  in  the  nasopharynx,  (4)  Induction  of  homologous  antibody  and  recall 
antibodies  to  heterologous,  homotypic  strains,  and  (5)  capacity  ultimately  on 
repeated  administration  to  cause  broadening  of  the  antibody  spectra. 

Major  Findings :   A  variant  sensitive  to  serum  and  nasopharyngeal  secretion 
inhibitors  (S+)  rather  than  its  insensitive  counterpart  (S-)preferentially 
infects  the  human  host  as  revealed  by  recovery  of  virus  from  throats  of 
vaccinees.   Infection  is  accompanied  by  significant  increases  in  serum  anti- 
bodies, particularly  neutralizing  antibodies.   No  clinical  illness  results 
from  infection. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   In  addition  to  the 
present  licensed  inactivated  influenza  vaccines,  there  is  a  need  for  a  better 
immunizing  preparation,  that  is,  a  live  attenuated  vaccine. 

Proposed  Course  of  Project:   To  be  reviewed,  evaluated  and  considered  for 
renewal  at  end  of  contract  year  (March  31,  1969). 

Date  Contract  Initiated:  December  1,  1965 

Current  Annual  Level;   $31,815 
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BIONETICS  RESEARCH  LABORATORIES  (PH43-66-951) 

Title;   Maintenance  of  a  Marmoset  Colony  Under  Strict  Isolation  Conditions 
for  the  Study  of  Human  Hepatitis  Viruses 

Contractor's  Project  Director;   Dr.  David  Valerio 

Project  Officer;   Dr.  Robert  Puree 11 

Objectives ;   To  establish  a  colony  of  marmosets  for  the  study  of  inocula 
derived  from  humans  with  viral  hepatitis. 

Methods  Employed;   An  animal  colony  has  been  established  under  conditions  of 
strict  isolation.   All  marmosets  have  serum  enzyme  baseline  values  determined 
prior  to  inoculation  and  thereafter  for  evidence  of  liver  dysfunction.   Other 
indices  are  frequent  liver  biopsies  and  histopathologic  examinations  of  all 
animals  that  die. 

Major  Findings  ;  Although  studies  are  not  complete,  it  would  appear  that  thus 
far  there  is  no  evidence  that  the  marmoset  is  a  suitable  animal  host  for  human 
hepatitis  virus.  ■ 

Significance  to  NIAID  Program  and  Bio-Medical  Research;  Deinhardt  had  reported  ' 
the  induction  of  hepatitis  in  marmosets  inoculated  with  materials  from  patients  i 
with  hepatitis.  This  work  appeared  to  be  confirmed  by  Melnick  and  Hilleman.  j 
Recently,  however,  very  convincing  evidence  has  been  gathered  to  show  that 
some  normal  marmosets  carry  an  agent  which  simulates  human  hepatitis. 

The  development  of  an  animal  model  would  have  sped  work  on  the  eventual 
isolation  and  growth  of  hepatitis  virus.   This  would  be  a  prerequisite  for 
the  eventual  development  of  a  hepatitis  vaccine. 

Proposed  Course  of  Project;   This  contract  will  be  terminated  on  June  28,  1968 

Date  Contract  Initiated;  June  29,  1966 

Current  Annual  Level;   $58,000 
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WYETH  LABORATORIES,  INC.  (PH43-63-80) 

Title:   Research  and  Development  of  Respiratory  Disease  Vaccines 

Contractor's  Project  Director:   Dr.  Howard  Tint 

Project  Officer:   Dr.  Robert  Chanock 

Objectives :   To  develop  and  produce  safe,  potent,  live  and  inactivated  vaccines 
for  adenovirus  types  1,  2,  3,  4,  5,  7,  14,  and  21.   To  develop  attenuated 
influenza  and  parainfluenza  virus  strains  in  egg  cultures. 

Methods  Employee}:   Adenovirus  strains  1,  2,  3,  4,  5,  7,  14  and  21  have  been 
adapted  for  growth  in  human  diploid  cell  cultures.   Studies  on  live  influenza 
prepared  in  embryonated  eggs  are  being  conducted.   Work  is  being  conducted 
on  the  adaptation  and  attenuation  of  parainfluenza  strains  in  RIF-free  eggs. 
Inactivated  adenovirus  4  and  7  have  been  prepared  in  baboon  kidney  and  diploid 
cell  tissue  culture.   Various  physical  and  chemical  techniques  are  being  used 
for  production  of  a  subunit  vaccine. 

Major  Findings:   About  one  million  doses  of  adenovirus  type  4  oral  vaccine 
have  been  made  and  safety  tested.   Administration  of  the  vaccine,  mostly  in 
the  military,  to  about  500,000  people  continues  to  show  excellent  protection 
against  the  natural  disease. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   Adenovirus  type  4  is 
the  principal  cause  of  acute  respiratory  disease  in  military  recruits.   This 
vaccine  developed  under  the  contract  is  safe,  potent  and  effective.   An  appli- 
cation for  licensure  has  been  submitted  to  the  Division  of  Biologies  Standards. 

Proposed  Course  of  Project:   Vaccines  for  other  adenovirus  types,  including  a 
subunit  vaccine,  are  being  developed  and  will  be  tested. 

Date  Contract  Initiated:   January  9,  1963 

Current  Annual  Level:   $300,000 
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UNIVERSITY  OF  COLORADO  (PH43-62-477) 

Title:   Assessment  of  Vaccines  in  Pediatric  and  Adult  Populations. 

Contractor's  Project  Director:   Dr.  Gordon  Meiklejohn 

Project  Officer:   Dr.  Kenneth  Mcintosh 

Objectives: 

A.  To  determine  the  safety  and  antigenicity  of  two  respiratory  vaccines;  a 
trivalent  parainfluenza  (types  1,  2  and  3)  and  a  respiratory  syncytial 
virus  vaccine. 

B.  To  determine  the  protective  effect  of  these  vaccines  in  children  and  of 
adenovirus  vaccines  in  adults  against  natural  infection,  particularly 
against  severe  disease. 

C.  To  determine  the  best  serologic  methods  for  evaluating  objective  A. 

Methods  Employed:   The  following  vaccines  were  used: 

1.  An  inactivated  aqueous  trivalent  parainfluenza  virus  vaccine  consisting 
of  amniotic  fluid  harvested  from  embryonated  hens'  eggs  infected  with 
types  1,  2  and  3  parainfluenza  viruses. 

2.  An  alum  precipitated  monkey  kidney  tissue  culture-derived  respiratory 
syncytial  virus  vaccine. 

3.  An  adenovirus  type  4  enteric -coated  tableted  vaccine. 

Major  Findings:   Results  indicate  that  both  vaccines  given  to  the  pediatric 
population  are  antigenic;  that  is,  they  produce  serum  antibody.   However, 
neither  vaccine  protects  children  against  illness. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   Provides  an  important 
pediatric  and  adult  population  to  program. 

Proposed  Course  of  Project:   To  continue  testing  prototype  vaccines. 

Date  Contract  Initiated:   June  1,  1962. 

Current  Annual  Level:   $111,000 
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CHILDREN'S  HOSPITAL  RESEARCH  FOUNDATION,  COLUMBUS,  OHIO  (PH43-65-562) 

Title:   Maintenance  of  a  Rhinovirus  Reference  Laboratory. 

Contractor's  Project  Director:   Dr.  Vincent  V.  Hamparian 

Proiect  Officer:    Dr.  Albert  Kapikian 

Objectives:   To  compare  and  characterize  by  serologic  means,  suitable  candidate 
prototype  rhinoviruses  received  from  collaborating  laboratories  throughout 
the  world  in  order  to  define  the  number  of  prevalent  serotypes  and  to  allow 
agreement  reached  by  interested  workers  on  a  final  numbering  system.   To 
determine  the  relatedness  of  rhinovirus  serotypes  by  agar  gel  double  diffusion 
techniques  and  by  RNA-RNA  homology  studies. 

Methods  Employed:   Viruses  received  have  been  previously  checked  against  anti- 
sera  to  the  known  55  rhinovirus  strains.   Rhinoviruses  have  been  purified  by 
triple  dilution;  antisera  has  been  prepared  and  this  checked  with  the  55 
known  types.   Viruses  are  adapted  to  HeLa  cells  to  produce  high  titer.   New 
candidate  prototypes  are  checked  against  other  new  strains  being  received  during 
the  second  phase  of  the  program.   Virus  is  concentrated  and  purified  by  rate 
zonal  and  isopycnic  ultracentrifugation. 

Major  Findings:    The  first  phase  was  concluded  when  international  agreement 

was  reached  on  the  designation  of  55  prototype  rhinoviruses.   A  total  of  63 

candidate  prototype  rhinoviruses  have  been  received  for  inclusion  in  the 

second  phase  of  the  program.   Results  of  comparative  experiments  indicate 

that  the  HeLa  cell  culture  system  has  certain  advantages  over  other  cell  systems 

for  the  preparation  of  rhinovirus  seed  stocks  intended  for  general  laboratory 

use. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   Rhinoviruses  are 
the  most  important  known  causative  agents  of  the  common  cold.   The  contract 
has  succeeded  in  entangling  the  confusion  regarding  a  plethora  of  rhinovirus 
strains.   Fully  characterized  seeds  have  been  supplied  to  the  Research  Reference 
Reagents  Branch  for  the  production  of  reagent  pools.   This  work  is  essential 
for  any  efforts  to  develop  rhinovirus  vaccines. 

Proposed  Course  of  Project:   This  contract  has  been  renewed  until  March  1969. 
Date  Contract  Initiated:   February  3,  1965 
Current  Annual  Level:   $145,000 
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CALIFORNIA  STATE  DEPARTMENT  OF  PUBLIC  HEALTH  (PH43-63-1141) 

Title ;   Surveillance  of  Viral  Respiratory  Diseases  and  Vaccine  Evaluation 
in  a  Pediatric  Population 

Contractor's  Project  Director;   Dr.  Edwin  Lennette 

Project  Officer;   Dr.  Daniel  Mullally 

Objectives ;   The  basic  objective  of  this  project  is  to  develop  and  provide 
scientific  information  on  (1)  the  specific  viral  agents  which  cause  acute 
respiratory  disease  in  infants  and  children,  and  on  (2)  the  effectiveness  of 
newly  developed, vaccines  for  the  prevention  of  disease  due  to  these  agents. 

Methods  Employed;   The  field  studies  are  located  at  Fort  Ord,  California, 
a  permanent  Army  Post  primarily  for  training  recruits  from  the  western  part 
of  the  United  States.   The  population  studied  consists  of  children  of  army 
personnel  living  on  post  or  in  the  closely  adjacent  areas.   This  population 
receives  medical  care  through  the  Fort  Ord  medical  facilities,  thus  providing 
opportunity  for  close  surveillance  of  medically  attended  respiratory  illness. 

The  laboratory  and  statistical  support  units  for  this  project  are  located  in 
the  Viral  and  Rickettsial  Disease  Laboratory  of  the  California  State  Depart- 
ment of  Public  Health  in  Berkeley.   The  field  office  and  a  small  laboratory      ^ 
are  housed  in  the  U.S.  Army  Hospital,  Fort  Ord.  j 

Major  Findings;   Inactivated  vaccines  against  parainfluenza  (The  National  Drug 
Company)  and  respiratory  syncytial  virus  (Chas.  Pfizer)  were  evaluated. 
Although  both  vaccines  induced  significant  serum  antibody  in  vaccinees,  they 
did  not  prevent  subsequent  illness  resulting  from  natural  challenge. 

Significance  to  NIAID  Program  6e  Bio-Medical  Research;   This  contract  is  one 
of  several  offering  a  pediatric  population  to  study  the  efficacy  of  prototype 
vaccines. 

Proposed  Course  of  Project;   To  continue  as  an  evaluation  center  as  long  as 
promising  vaccines  are  available. 

Date  Contract  Initiated;  June  27,  1963 

Current  Annual  Level:   $152,000 


22 


UNIVERSITY  OF  CHICAGO  (PH43-63-564) 

Title ;   Attenuation  of  Rhinoviruses  and  Studies  of  the  Antibody  Response  to 
Rhinovirus  Infections 

Contractor's  Project  Director;   Dr.  Dorothy  Hamre 

Project  Officer;   Dr.  Albert  Kapikian 

Objectives :   Development  of  methodology  for  the  assay  of  antibody  response 
to  rhinovirus  infection.   Determination  of  the  relative  sensitivity  and 
specificity  of  these  methods.  Attempts  will  be  made  to  develop  strains  of 
rhinoviruses  with  attenuated  virulence  for  man. 

Methods  Employed;   Sera  obtained  from  individuals  enrolled  in  the  study. 

HeLa  cell  system  described  by  Fiala  and  Kenny  (J.  Bact.  92 ;  1710- 1715 ,  1966) 

was  used  for  plaque  reduction  assay  of  rhinovirus  antibody.   Tube  neutraliza- 
tion test  witn  WI-38  cell  cultures. 

Major  Findings ;   The  incidence  of  upper  respiratory  infections  among  medical 
students  in  the  study  population  has  shown  the  usual  autumnal  peak,  most  of 
which  was  rhinovirus  infections.   About  25%  of  rhinovirus  infections  with 
illness  do  not  result  in  the  development  of  significant  amounts  of  neutralizing 
antibody.   Results  of  typing  tests  have  identified  some  rhinovirus  with  long 
recycling  times.   Assisted  in  the  successful  effort  to  establish  the  55  sero- 
types of  rhinoviruses. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;   Has  done  outstanding 
work  in  typing  of  rhinoviruses. 

Proposed  Course  of  Project;  To  continue  as  long  as  significant  progress  is 
being  made. 

Date  Contract  Initiated;  April  1,  1963 

Current  Annual  Level;   $43,480 
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FLOW  LABORATORIES,  INC.  (PH43-66-971) 

Title :   Operation  of  a  Serology  Laboratory 

Contractor's  Project  Director;   Dr.  Raymond  Gilden 

Project  Officer;   Mr.  Horace  Turner  and  Dr.  Daniel  Mullally 

Objectives ;   The  laboratory  performs  serological  tests  in  support  of  vaccine 
and  epidemiological  studies  conducted  by  other  contractors  in  the  program. 

Methods  Employed;   Samples  tested  are  obtained  from  sources  such  as  those  on 
site  unaer  Flow  Laboratories  Contract  PH43-64-943,  Laboratory  of  Viral 
Diseases,  NIAID,  Children's  Hospital  of  D.C.,  Parris  Island,  Camp  Lejeune  and 
others.   Standard  serological  techniques,  and  especially  the  complement 
fixation  test,  are  employed. 

Major  Findings :  The  major  findings  are  indicated  in  individual  contract 
narratives , 

Significance  to  NIAID  Program  &  Bio-Medical  Research;  Provides  a  serological 
laboratory  to  monitor  the  results  of  various  studies  conducted  by  contractors. 

Proposed  Course  of  Project;  To  continue  to  provide  serological  support. 
This  contract  has  been  incorporated  into  contract  PH43-64-943. 

Date  Contract  Initiated;   June  23,  1966 

Current  Annual  Level;   Part  of  Contract  PH43-64-943 
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FLOW  LABORATORIES,  INC.  (PH43-64-943) 

Title;   To  Perform  Developmental  Studies  Relating  to  the  Davelopment  of 
Prototype  Respiratory  Syncytial  Virus  and  Parainfluenza  Virus  Vaccines. 

Contractor's  Project  Director:   Dr.  Louis  Potash 

Project  Officer:   Dr.  Robert  Chanock 

Objectives  :   The  development  of  an  experimental  animal  model  system  for 
respiratory  tract  disease  induced  by  the  respiratory  syncytial  virus; 
study  of  the  role  of  passively  acquired  serum  antibody  in  the  pathogenesis 
of  this  disease;  vaccine  production  of  the  RS  A-2  attenuated  strain  in  bovine 
embryo  kidney  at  26°  C;  plaque  purification  of  specific  strains  of  RS  virus 
as  well  as  types  1,  2  and  3  parainfluenza  virus  in  selected  tissue  culture 
systems  followed  by  attempted  induction  (selection)  of  genetic  variants  by 
use  of  chemical  mutagens  and  physical  agents. 

Methods  Employed:  Active  and  passive  immunization  of  hamsters,  including 
pregnant  hamsters;  subsequent  challenge  with  RS  virus;  use  of  various  chemical 
mutagens  in  tissue  culture  systems. 

Major  Findings :  An  experimental  lot  of  low- temperature  adapted  RS  virus  has 
been  prepared. 

Significance  to  NIAID  Program  &  Bio-Medical  Research;   The  contract  seeks  to 
develop  live,  attenuated  immunizing  agents  for  those  respiratory  agents  which 
are  the  principal  known  causes  of  bronchiolitis,  croup,  and  pneumonia  in 
young  infants. 

Proposed  Course  of  Project;   The  contract  will  be  renewed  for  an  additional 
year. 

Date  Contract  Inititated;   June  23,  1964 

Current  Annual  Level;   $450,000 
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FLOW  LABORATORIES,  INC.  (PH43-66-970) 

Title ;   Operation  of  a  Tissue  Culture  Developmental  Laboratory 

Contractor's  Project  Director:   Joan  Broyhill,  M.S. 

Project  Officers :   Dr.  Robert  Chanock  and  Mr.  Walter  James 

Objectives ;   To  develop  new  tissue  culture  systems  to  aid  in  the  research  of 
project  participants.   To  continue  the  development  of  special  organ  culture 
techniques  necessary  for  the  isolation  and  identification  of  new  viruses. 
To  provide  NIH  and  our  other  Flow  contracts  with  tissue  culture  materials. 

Methods  Employed;  Standard  tissue  culture  preparation  systems.   Development 
of  special  organ  cultures  and  the  required  techniques. 

Major  Findings;   Development  and  supply  of  good  human  embryonic  trachea,  liver, 
and  intestine  cultures.   The  human  trachea  cultures  have  permitted  the  growth 
and  recovery  of  a  number  of  new  respiratory  viruses  which  are  members  or  the 
avian  infectious  bronchitis  virus- like  group. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;  Assures  the  avail- 
ability of  improved  tissue  culture  systems  for  the  isolation  and  growth  of 
viruses.   This  is  a  prerequisite  for  any  vaccine  development  of  these 
fastidious  agents. 

Proposed  Course  of  Project;  Continue  routine  supply  and  development  of  special 
organ  culture  systems.   This  contract  has  recently  been  incorporated  into 
Contract  PH43-64-943. 

Date  Contract  Inititated;   June  23,  1966 

Current  Annual  Level;   Part  of  Contract(PH43-64-943) 
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FLOW  LABORATORIES,  INC.  (FH43-64-1169) 

Title:   Oncogenicity  Testing  of  Candidate  Vaccine  Strains 

Contractor's  Project  Director:   Dr.  Raymond  Gilden 

Project  Officer:   Dr.  Robert  Huebner 

Objectives ;   1)  Provide  information  regarding  the  oncogenicity  of  potential 
respiratory  and  rubella  vaccines  and  other  selected  viruses,  2)  to  study  the 
properties  and  relationships  of  reagents  prepared  for  known  and  newly  dis- 
covered oncogenic  viruses,  3)  to  study  the  nature  of  the  oncogenic  response 
with  DNA  and  RNA  viruses,  and  4)  to  study  possible  methods  of  reducing  the 
time  required  for  adequate  screening  of  viral  inocula. 

Methods  Employed:   Newborn  hamsters,  rats,  dogs  and  mice  are  inoculated  with 
a  variety  of  viruses  or  PPLO  materials  and  are  then  observed  over  several 
years  for  the  development  of  tumors.   Complement  fixation,  fluorescent  anti- 
body, and  other  serological  tests  are  used  for  the  study  of  virus  induced 
tumors . 

Major  Findings:   No  tumors  were  induced  in  400  days  and  longer  observation 
periods  in  hamsters  inoculated  with  parainfluenza  type  2  and  3,  RS  virus, 
rhinoviruses  and  PPLO.   Single  tumors  of  very  late  onset  occurred  in  animals 
inoculated  with  adenovirus  type  1  and  parainfluenza  type  1.   Extensive 
attempts  to  demonstrate  tumor-specific  antigens  in  passage  lines  derived 
from  these  primary  tumors  have  been  negative.   Rubella  and  rubeola  virus 
prepared  in  canine  kidney  has  been  inoculated  into  animals.   Ultraviolet 
irradiation  of  adenovirus  readily  destroys  infectivity  but  not  oncogenic 
potential. 

Significance  to  NIAID  Program  &  Bio-Medical  Research;   The  evidence  showing 
the  ability  of  some  viruses,  having  different  species  as  natural  hosts,  to 
induce  malignancy  in  newborn  hamsters  intensifies  the  current  hypothesis 
that  similar  phenomena  may  occur  under  natural  conditions. 

Proposed  Course  of  Project;   To  continue  to  conduct  studies  on  the  oncogenicity 
of  vaccines. 

Date  Contract  Initiated:   June  23,  1964 

Current  Annual  Level:   $300,000 
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UNIVERSITY  OF  WASHINGTON  CPH43 -63 -562) 

Title:   Prevention  of  Viral  Respiratory  Infections  and  of  Rubella 

Contractor's  Project  Director:   Dr.  J.  Thomas  Grayston 

Project  Officer:   Dr.  Daniel  Mullally 

Objectives:   1)  Surveillance  in  a  large  health  cooperative  of  viral  and  myco- 
plasma agents  involved  in  acute  respiratory  disease.   2)  Development  and 
improvement  of  laboratory  methods  for  detecting  agents  and  antibody  from 
patient  specimen  materials.   3)  Evaluation  of  vaccines  for  acute  respiratory 
disease.   4)  Rubella  vaccine  trials  in  Taiwan. 

Methods  Employed:   1)  Epidemiological  study  of  a  total  population  of  80,000, 
including  8,000  children  under  five  years  of  age,  in  a  prepaid  medical  care 
plan.   2)  Laboratory  studies  on  an  improved  Mycoplasma  pneumoniae  CF  antigen. 
3)  The  enhancement  of  virus  growth,  particularly  rhinoviruses  in  plaque  foci, 
by  polycationic  substances.   4)  Preparation  of  high  titered  rhinoviruses  and 
rhinovirus  antisera.   5)  Conduct  a  rubella  vaccine  field  trial. 

Major  Findings:   About  107o  of  pneumonias  studied  over  a  period  of  several 
years  are  due  to  Mycoplasma  pneumoniae.   Pneumoniae  caused  by  this  agent  does  ' 
not  fluctuate  markedly  throughout  the  year,  and  is  primarily  endemic  rather 
than  epidemic.   Patterns  of  incidence  by  season,  age,  sex  and  geographical 
locations  were  described.   The  epidemiology  of  Mycoplasma  pneumoniae  was 
ascertained.   Further  laboratory  studies  on  viral  enhancement  with  polycationic 
substances  have  shown  that  the  growth  of  adenoviruses  in  addition  to  picorno- 
viruses  is  enhanced  by  increased  Mg++  concentrations  (30mM) . 

Rhinoviruses  were  grown  to  titers  of  10'  ml,  in  HeLa  cells  using  a  high  multi- 
plicity of  infection.   Rhinovirus  antisera  with  K  values  as  high  1,000  were 
prepared  without  cytotoxicity. 

Several  rubella  vaccines  were  administered  to  over  10,000  volunteers  in  the 
face  of  an  epidemic  in  Taiwan,   The  vaccines  proved  to  be  protective. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   Furnishes  epidemiolog- 
ical information  regarding  respiratory  agents  for  which  vaccines  are  being 
devised.   Provides  populations  for  vaccine  trials.   The  first  demonstration 
of  the  protective  effect  of  rubella  vaccines  in  an  epidemic  situation. 

Proposed  Course  of  Project;    This  contract  has  been  extended  until  March  1970 

Date  Contract  Initiated:   April  1,  1963 

Current  Annual  Level;   $204,000  (two  years) 
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UNIVERSITY  OF  MICHIGAN  (PH43-66-462) 

Title :  Assessment  of  Respiratory  Disease  Vaccines  in  a  Total  Natural 
Community . 

Contractor's  Proiect  Director;   Dr.  Thomas  Francis  and  Dr.  Arnold  Monto 

Project  Officer:   Dr.  John  Calvin  Perkins 

Objectives  :   Much  of  the  extensive  information  already  gathered  on  the 
activity  of  the  respiratory  viruses,  rubella,  and  mycoplasma  has  been  based 
on  studies  carried  out  in  particular  groups  or  in  institutional  populations. 
Since  many  of  the  potential  immunizing  agents  are  intended  for  use  in  "normal 
populations"  data  on  the  role  of  these  agents  in  a  natural  setting  will  be 
necessary  to  determine  their  effectiveness.   The  present  investigation  was 
organized  to  supplement  the  relatively  scarce  knowledge  in  this  area.   In 
addition,  rubella  vaccine  is  being  evaluated  in  a  group  of  University  of 
Michigan  student  families. 

Methods  Employed:   As  part  of  the  on-going  activities  of  the  Connnunity 
Health  Study,  families  in  the  community  of  Tecumseh,  Michigan  have  been 
studied.   A  designated  number  of  families  of  specific  composition  are  brought 
into  the  study  each  year.   Parents  in  the  families  selected  for  intensive 
study  are  both  under  45  years  of  age  and  there  is  at  least  one  child  of 
school  age  or  younger. 

Major  Findings ;   The  seasonal  incidence  of  rhinovirus ,  parainfluenza,  and 
respiratory  syncytial  virus  and  influenza  infection  has  been  confirmed. 
Epidemiological  studies  are  in  progress.   A  rubella  vaccine  has  just  begun 
in  Ann  Arbor,  Michigan. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:  Provides  a  natural 
open  population  for  a  vaccine  study. 

Proposed  Course  of  Project;   To  continue  to  obtain  epidemiologic  information 
regarding  the  activity  of  respiratory  agents. 

Date  Contract  Initiated;   April  4,  1966 

Current  Annual  Level:   $91,000 
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TUIANE  UNIVERSITY  (PH43-63-75) 

Title:   Respiratory  Disease  Surveillance  and  Vaccine  Studies  in  the  Military 
and  their  Dependent  Children 

Contractor's  Project  Director;   Dr.  William  Mogabgab 

Project  Officer;   Dr.  Albert  Kapikian 

Objectives ;   (1)  To  maintain  respiratory  disease  surveillance  in  dependent 
children  at  Keesler  Air  Force  Base  with  respect  to  incidence,  clinical 
features,  and  specific  etiology;  (2)  To  determine  protective  effects  of 
respiratory  disease  vaccines  shown  to  be  needed  by  the  results  of  surveillance; 
(3)  lb  characterize  new  respiratory  agents  including  variants;  (4)  Study  of 
inactivated  Mycoplasma  pneumoniae  vaccines  in  adult  volunteers;  (5)  Epidem- 
iology of  adenovirus  and  Mycoplasma  pneumoniae  in  military  recruits; 
(6)  Evaluation  of  rubella  vaccine  in  children. 

Methods  Employed;   Clinical  features  of  illnesses  are  recorded  on  special 
forms.   Specimens  include  throat  cultures  for  mycoplasma  and  beta-hemolytic 
streptococci,  throat  swabs  for  virus  isolation  and  acute  and  convalescent 
blood  specimens.    Observations  are  made  on  approximately  25  children  per 
week,  distributed  between  out-patient  and  hospitalized  cases. 

Major  Findings;  A  prototype  inactivated  mycoplasma  vaccine  was  tested;  this 
vaccine  was  not  sufficiently  antigenic  for  further  clinical  study.   The 
epidemiological  patterns  of  adenovirus  and  Mycoplasma  pneumoniae,  acute  res- 
piratory disease  --  including  pneumonia  --  was  compiled  over  a  six-year 
period.   Rubella  vaccine  trials  are  just  getting  underway. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;   Provides  populations 
suitable  for  vaccine  studies. 

Proposed  Course  of  Project;   This  contract  will  be  in  effect  until  December  13, 
1968;   renewal  is  probable. 

Date  Contract  Initiated;   December  14,  1962 

Current  Annual  Level;   $51,100 
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OHIO  STATE  UNIVERSITY  (FH43-67-78) 

Title :   Study  of  the  Antigenicity  of  Mycoplasma  pneumoniae  Vaccine 

Contractor's  Project  Director:   Dr.  Norman  Somerson 

Project  Officer:   Dr,  Robert  Purcell 

Objectives ;   To  determine  and  to  evaluate  the  influence  of  cultural  condi- 
tions and  nutrition  on  the  antigenicity  of  Mycoplasma  pneumoniae  vaccine. 

Methods  Employed;  After  determining  quantitative  relationships  between  the 
microorganisms  ,and  their  immunogenicity ,  the  antigenic  character  of  Mycoplasma 
pneumoniae  grown  under  different  cultural  conditions  is  being  investigated. 
The  effect  on  antigenicity  of  modifying  medium  constituents,  incubation  time, 
and  pH  at  harvest  have  to  be  studied.   The  antigens  prepared  from  organisms 
grown  in  broth  cultures  and  concentrated  by  centrifugation  have  been  compared 
to  antigens  obtained  from  organisms  grown  on  glass  surfaces.   Studies  are 
done  in  collaboration  with  Dr.  Senterfit  at  St.  Louis  University. 

Major  Findings  ;  An  experimental  vaccine  has  been  prepared  which  appears  to 
be  moderately  antigenic  in  human  volunteers.   The  optimal  cultural  condition 
for  the  growth  of  potentially  immunogenic  organisms  suitable  for  vaccine  pre- 
paration are  being  defined  in  a  systematic  fashion. 

Significance  to  NIAID.  Program  and  Bio-Medical  Research;   There  is  little 
known  about  the  antigenic  composition  of  mycoplasma  preparations  obtained 
from  organisms  grown  under  a  wide  variety  of  conditions.   Such  studies  are 
an  important  prerequisite  for  production  of  a  potent  Mycoplasma  pneumoniae 
vaccine.   Although  Mycoplasma  pneumoniae  can  now  be  grown  to  high  titer  and 
although  vaccine  materials  are  capable  of  inducing  antibody,  the  vaccines 
produced  previously  are  not  sufficiently  antigenic  enough  to  assume  high 
levels  of  protection  against  the  natural  disease. 

Proposed  Course  of  Project;   This  contract  will  be  in  effect  until  November  11, 
1968;  renewal  is  probable. 

Date  Contract  Inititated;   December  6,  1966 

Current  Annual  Level;   $75,000 
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UNIVERSITY  OF  ILLINOIS.  COLLEGE  OF  MEDICINE  (PH43-65- 1031) 

Title:   Study  of  Vaccines  for  Immunization  against  Viral  Respiratory 
Infections 

Contractor's  Proiect  Director:   Dr.  George  Gee  Jackson 

Project  Officer:   Dr.  Daniel  Mullally 

Objectives : 

1.  Studies  to  assess  the  specific  immune  status  of  pregnant  women  to  rubella 
non-pregnant  females  (16  to  35  years  old),  male  naval  recruits  (18  to  25 
years  old)  and  children  under  the  age  of  12  years, 

2.  Clinical  trials  of  rubella  vaccines  in  suitable  populations. 

3.  Studies  to  observe  the  extent  of  person  to  person  spread  of  orally 
administered  adenovirus  type  4  vaccine  in  various  family  settings. 

4.  Studies  to  determine  the  etiology  of  a  sharp  outbreak  of  respiratory 
disease  in  December  -  June  1967-68,  having  the  characteristics  of 
influenza. 

5.  Studies  on  delayed  hypersensitivity  to  myxoviruses.  ( 

Methods  Employed:   Standard  epidemiological  and  virological  procedures. 

Major  Findings:   In  studies  of  Adenovirus  type  4  vaccine  virus  in  married 
couples,  there  was  evidence  by  both  isolation  and  serology  of  spread  of  virus 
between  the  marital  partners.   In  studies  of  families,  data  show  that  the 
vaccine  only  rarely  spreads  from  vaccinated  mothers  or  children  to  other 
immediate  family  members.   The  role  of  serum  and  nasal  antibody  in  parainfluenza 
infection  is  being  studied. 

Rubella  vaccine  trials  are  planned  to  begin  in  the  near  future. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;   Adenovirus  type  4  . 

has,  in  the  past,  been  one  of  the  most  frequently  occurring  agents  affecting  m 

military  recruits.   The  economic  and  military  implications  of  the  effectiveness  ^ 
of  such  a  vaccine  is  obvious. 

Proposed  Course  of  Project:   To  continue  studies  as  long  as  results  are  fruit- 
ful. 

Date  Contract  Initiated:   June  25,  1965 

Current  Annual  Level:   $84,600 
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NEW  YORK  MEDICAL  COLLEGE  (PH43-68---) 

Title ;   Prophylactic  &  Therapeutic  use  of  Interferon  Inducers 

Contractor's  Project  Director:   Dr.  John  H.  Park 

Project  Officer:   Dr.  Samuel  Baron 

Objectives ;  To  determine  whether  keratoconjunctivitis  and  iridocyclitis 
of  the  rabbit  caused  by  Herpes  simplex  virus  can  be  treated  or  prevented 
by  chemical  inducers  of  the  interferon  mechanism. 

Methods  Employed:   In  vivo  toxicity  studies  of  interferon  inducers.   Es- 
tablishment and  standardization  of  herpetic  keratoconjunctivitis  and 
iridocyclitis  will  be  carried  out.   Comparative  studies  between  various 
interferon  inducers  and  iododeoxyuridine  for  their  prophylactic  and  thera- 
peutic effect  on  Herpes  simplex  infections  of  the  eye.   Experiments  will 
also  be  carried  out  in  tissue  culture. 

Major  Findings;   None  yet  -  contract  to  be  let  in  June  1968. 

Significance  to  NIAID  Programs  &  Bio-Medical  Research:   The  experimental 
data  obtained  from  the  rabbit  model  are  essential  preliminary  to  any  possible 
clinical  trials  of  the  interferon  inducers  in  human  keratoconjunctivitis  and 
iridocyclitis.   These  diseases  in  the  rabbit  are  good  experimental  models 
and  comparable  to  herpetic  infections  of  the  human  eye. 

Proposed  Course  of  Project:  To  be  evaluated  at  end  of  first  year. 

Date  Contract  Initiated:   June, 1968 

Current  Annual  Level:   $39,000 
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PARKE,  DAVIS  AND  COMPANY  (PH43-66-37) 

Title:   Feasibility  Study:   Parainfluenza  Virus  Isolated  Antigen  Vaccine 

Contractor's  Project  Director:   Dr.  Frank  Brandon 

Proiect  Officer:   Dr.  Robert  Purcell 

Objectives:   The  preparation  of  one  lot  of  ether-isolated  hemagglutinin  type  1 
vaccine  grown  in  monkey  kidney  tissue  culture  for  eventual  animal  testing  and 
clinical  evaluation.   Continuation  of  research  involving  supplementary  range 
finding  studies  with  egg-grown  type  1  parainfluenza  virus. 

Methods  Employed:   Virus  propagation  in  monkey  kidney  tissue  culture;  virus 
concentration  by  Sharpies  centrifugation;  virus  extraction  by  ether;  potency 
studies  in  animals. 

Major  Findings:   A  potency  test  has  been  developed.   Fair  to  good  hemagglutinat- 
ing  inhibiting  antibody  response  has  been  obtained  in  guinea  pigs  with  concen- 
trated antigen  preparations.   Antigenic  response  of  monkey  kidney  derived 
vaccines  do  not  appear  to  be  as  good  as  those  grown  in  eggs. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   Increased  interest 
by  the  scientific  community  in  the  potential  of  intranasal  immunization 
stimulated  initiation  of  such  studies  by  the  contractor.   However,  the  lack 
of  protective  effect  of  other  antigenic  parainfluenza  vaccines  in  humans  has 
prompted  a  reevaluation  of  the  contract. 

Proposed  Course  of  Project:   Terminating  July  31,  1968. 

Date  Contract  Initiated:   September  1,  1965 

Current  Annual  Level:   $31,615  (five  months) 
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HEKTOEN  INSTITUTE  FOR  MEDICAL  RESEARCH  OF  THE  COOK  COUNTY  HOSPITAL  (PH43-63-76) 

Title:   Viral  Respiratory  Disease  and  Vaccine  Evaluation  in  Selected 
Populations 

Contractor's  Project  Directors;   Drs .  Truman  Anderson  &.   Maurice  Mufson 

Project  Officer;   Dr.  Kenneth  Mcintosh 

Objectives ;   1)  Development  of  a  simple  method  for  purifying  IgA  antibody  from 
patient-derived  materials.   2)  To  conduct  epidemiologic  studies  of  acute  lower 
respiratory  tract  disease  among  infants  and  children  admitted  to  the  Pediatric 
Division  of  the  .Cook  County  Hospital.   3)  To  evaluate  the  antigenicity  of 
inactivated  monotypic  rhinovirus  vaccines  in  adults. 

Methods  Employed;   Sequential  steps  of(NH4)2S04  precipitation,  column  chroma- 
tography, ethanol  precipitation,  and  immunoadsorption  for  the  isolation  of 
purified  specific  gamma  globulin  fractions.   Usual  epidemiological,  virolo- 
gical  and  serological  techniques  were  employed. 

Major  Findings ;  A  technique  which  may  hold  promise  has  been  developed  for 
the  isolation  of  purified  IgA.   The  antigenic  response  to  inactivated 
rhinovirus  vaccines  in  guinea  pigs  has  been  correlated  to  the  response  in 
man.   The  virus  specific  patterns  of  hospitalized  respiratory  disease  have 
been  discerned. 

Significance  to  NIAID  Program  &.   Bio-Medical  Research:  Information  on  infants 
will  be  used  as  a  baseline  for  studies  on  immunity  including  an  evaluation 
of  the  role  of  nasal  or  local  antibody  and  of  circulating  antibody  in 
naturally  occurring  parainfluenza  and  RS  infections.   A  simplified  technique 
for  the  concentration  and  purification  of  local  antibody  from  nasal  secretions 
would  aid  in  establishing  the  protective  role  of  local  antibody  in  human 
respiratory  disease. 

Proposed  Course  of  Project:   To  continue  as  long  as  meaningful  data  can  be 
retrieved. 

Date  Contract  Initiated:   November  23,  1962 

Current  Annual  Level:   $52,000 
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UNIVERSITY  OF  mRYLAND  (PH43-66-63) 

Title:   The  Testing  of  Experimental  Agents  and  Vaccines  in  Volunteers. 

Contractor's  Project  Director:   Dr.  Richard  Hornick 

Project  Officer:   Dr.  Paul  Steinberg 

Objectives:   Volunteer  studies  are  designed  to  evaluate  experimental  respira- 
tory viruses  and  mycoplasma  vaccines  developed  under  the  auspices"  of  the 
NIAID's  Vaccine  Development  Branch. 

Methods  Employed:   Studies  are  conducted  in  healthy  adult  male  subjects 
selected  from  inmate  volunteers  at  the  Maryland  House  of  Correction,  Jessup, 
Maryland.   Volunteers  are  admitted  to  the  University  of  Maryland  Research 
Ward  within  the  prison.   Many  of  the  investigations  are  dependent  upon  the 
supply  of  potential  vaccines  made  available  for  study.   The  continuance  of 
the  studies  depends  on  results  from  the  initial  studies. 

Major  Findings:   A  number  of  early  prototype  vaccines  were  administered  to 
volunteers.   As  to  be  expected,  most  of  these  preparations  were  not  effective 
for  a  variety  of  different  reasons.   A  high  passage  respiratory  syncytial 
strain  appeared  attenuated  inasmuch  as  it  did  not  Induce  Illness.   Experimental 
adenovirus  type  5  and  7  vaccines  are  now  undergoing  evaluation. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   Provides  an  Important 
adult  volunteer  population  in  which  to  test  early  prototype  vaccines. 

Proposed  Course  of  Project:   To  continue  to  be  used  as  long  as  needed. 

Date  Contract  Initiated:   November  10,  1965. 

Current  Annual  Level:   $40,000 
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ST.  LOUIS  UNIVERSITY  (PH43-64-928) 

Title:   Molecular  Structure  of  Oncogenic  and  Nononcogenic  Adenoviruses 

Contractor's  Project  Director:   Dr.  Maurice  Green 

Project  Officer:   Dr.  Robert  Huebner 

Obiectives :   To  perform  studies  on  various  types  and  strains  of  human  adeno- 
viruses in  order  to  provide  fundamental  information  useful  in  distinguishing 
between  oncogenic  and  nononcogenic  adenoviruses ; to  understand  the  mechanism 
of  carcinogenesis  by  human  adenoviruses;  to  develop  a  subunit  adenovirus 
vaccine. 

Methods  Employed:  A  variety  of  sophisticated  physical  and  biochemical 
techniques  have  been  used,  including  the  following:   isopycnic  banding 
and  rate  zonal  ultracentrifugation,  DNA-DNA  and  mRISlA-DNA  homology  studies 
by  the  technique  of  Gillespie  &.   Spiegelman,  amino  acid  and  nucleotide  analysis, 
electron  microscopy  and  immunofluorescence,  polyacry lamide   gel  electrophor- 
esis and  enzyme  kinetics.   In  addition,  the  usual  array  of  viro logical  and 
serological  methods  have  been  employed. 

Major  Findings ;  A  wealth  of  significant  data  has  been  furnished.  The  con- 
tractor has  established  a  predictive  chemical  basis  for  determining  the 
oncogenicity  of  the  adenoviruses.   The  relative  concentration  of  the  different 
purines  and  pyrimidines  in  adenoviruses  agrees  almost  perfectly  with  their 
oncogenic  behavior  in  animals. 

The  complete  viral  genome  of  both  oncogenic  and  non-oncogenic  adenoviruses 
is  transcribed  in  virus  infected  cells.   However,  in  transformed  cells, 
specific  regions  of  the  viral  genome,  containing  47  to  517o  G+C  are  incor- 
porated or  preferentially  transcribed.   Adenovirus  T  and  tumor  antigen 
preparations  have  been  purified,  studied  physically,  immunologically  and 
enzymatically.   Adenovirus  soluble  antigens  have  been  purified  by  sucrose 
gradient  centrifugation  and  (NH4)2S04  precipitation. 

Significance  to  NIAID  Program  &  Bio-Medical  Research:   The  necessity  of 
insuring  the  lack  of  an  oncogenic  potential  in  human  vaccine  materials  and 
particularly  for  adenoviruses  is  obvious.   In  addition,  these  studies  furnish 
the  technique  for  determining  directly  in  the  near  future  the  role  of  adeno- 
viruses in  the  production  of  human  cancer. 

Proposed  Course  of  Project:   To  be  continued 

Date  Contract  Initiated:   June  17,  1964 

Current  Annual  Level;   $280,000 
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RESEARCH  FOUNDATION  OF  CHILDREN'S  HOSPITAL.  WASHINGTON,  D.  C.  (PH43-62-473) 

Title:   Assessment  of  Respiratory  Disease  Vaccines  in  a  Pediatric  Population 

Contractor's  Project  Director:   Dr.  Robert  Parrott 

Project  Officer:   Dr.  Robert  Chanock 

Objectives:   Assessment  of  the  immunogenic ity  of  potential  viral  vaccines  to 
protect  against  common  respiratory  illness  in  children  -  in  particular, 
vaccines  are  being  evaluated  for  their  ability  to  protect  against  bronchio- 
litis, croup,  and  pneumonia  caused  by  respiratory  syncytial  virus  and  the 
parainfluenza  viruses. 

Methods  Employed:   The  following  vaccines  were  used: 

1.  Diptheria  and  Tetanus  toxoids  alum  precipitated.  Pertussis  and  Trivalent 
Parainfluenza  Virus  types  1,  2  and  3  vaccines  combined  (lot  6558) 
(Tripara-DTP)  vaccine. 

2.  Oropharyngeal  and  nasal  administration  of  live  attenuated  R.  S.  virus, 
A2  strain  (RS-A2). 

Major  Findings:   Antibody  responses  to  the  trivalent  vaccine  combined  with 
DTP  were  less  than  those  seen  with  trivalent  vaccine  alone  and  less  than 
anticipated  on  the  basis  of  guinea  pig  potency  tests.   Analysis  of  other 
data  suggests  loss  of  potency  during  storage  of  vaccine.   Among  those 
receiving  the  cold-adapted  RS-A2,  no  illness  resulted.   All  children  had 
serum  neutralizing  antibody  prior  to  administration--none  showed  a  rise  in 
serum  antibody.   Virus  could  be  recovered  from  one-half  of  the  small  number 
of  children  receiving  the  live  attenuated  R.  S.  vaccine. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   Respiratory  syncytial 
virus  and  the  parainfluenza  viruses  are  the  major  known  causes  of  severe 
respiratory  illness  in  young  children. 

Proposed  Course  of  Project:   To  continue  to  assess  experimental  vaccines. 

Date  Contract  Initiated:   June  8,  1962 

Current  Annual  Level:   $160,000 
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STATE  UNIVERSITY  OF  NEW  YORK  (PH43-63-563) 

Title ;   Vaccine  Studies  in  a  Children's  Center 

Contractor's  Project  Director:   Drs .  George  Lamb  and  Harry  Feldman 

Project  Officer:   Dr.  Daniel  Mullally 

Objectives  : 

1.  To  measure,  in  preschool  children,  the  antigenic  potency  and  protective 
effects  of  respiratory  vaccines  as  they  become  available 

2.  To  determine  the  relative  frequencies  of  respiratory  disease-producing 
agents  in  young  children  attending  a  day  care  center  and  in  control 
children  who  are  not  in  such  a  center 

3.  To  study  the  effect  of  live  rubella  vaccine  in  children  with  T.B.  and 
for  a  positive  tuberculin  skin  test 

Methods  Employed;   The  contractor  has  obtained  routine  cultures  (for  both 
viruses  and  bacteria)  from  children  attending  the  day  care  center.   Addi- 
tional specimens  are  obtained  from  children  with  acute  respiratory  illnesses 
in  both  groups.   Non- residential  children  are  routinely  cultured  bi-weekly 
for  bacteria  only,  and  when  ill,  for  viruses  as  well. 

Major  Findings ;   Observed  respiratory  illnesses  were  not  apparently  affected 
by  the  administration  of  parainfluenza  type  1  or  RS  virus  vaccines,  although 
the  rate  of  illnesses  was  slightly  lower  in  the  former  group.   Attendance 
at  a  day  care  center  for  young  children  appears  to  increase  the  risk  of 
clinical  respiratory  illness.   Moreover,  illness  acquired  by  residential 
children  was  suggestively  more  severe  than  those  in  the  non- residential 
children. 

Significance  to  NIAID  Program  &.   Bio-Medical  Research:   The  various  agents 
that  cause  respiratory  diseases  in  young  children  may  produce  an  increase 
in  the  number  or  severity  of  illnesses  when  such  children  are  brought  to- 
gether in  nursery  school  situations.   Respiratory  vaccines  may  offer 
significant  protection  to  young  children  who  participate  in  day  care  centers 
or  nursery  schools. 

Proposed  Course  of  Project:  Contract  will  be  terminated  August  31,  1968 

Date  Contract  Initiated;  April  1,  1963 

Current  Annual  Level;   $47,000 
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ABBOTT  IJ^BORATORIES  (PH43-62-487  Now  PH43-68-692) 

Title:   Research  and  Development  of  Mycoplasma  pneumoniae,  Respiratory  Syncytial 
and  Rhinovirus  Vaccines 

Contractor'  Project  Director:   Dr.  Jacob  Helper 

Proiect  Officers:   Drs .  Robert  Chanock  and  Albert  Kapikian 

Objectives:   To  conduct  research  and  development  with  the  goal  of ' ultimately 
producing  vaccines  against  Mycoplasma  pneumoniae,  Respiratory  Syncytial  virus 
and  Rhinoviruses. 

Methods  Employed:   (1)  Mycoplasma  pneumoniae:   Preparation  of  haptenic  and 
whole  organism  vaccines  from  Mycoplasma  pneumoniae.   The  organisms  are 
disrupted,  and  the  antigenic  haptene  is  isolated,  purified  and  concentrated. 
(2)  Respiratory  Syncytial  Virus:   Preparation  of  RS  virus  vaccines  propagated 
in  bovine  kidney  cells.   (3)  Rhinoviruses  are  propagated  in  WI-38  cells. 

Major  Findings:   Several  rhinovirus  vaccines  have  been  prepared  and  are  • 
undergoing  potency  and  safety  tests.   The  effects  of  various  additives  on  the 
growth  of  two  strains  of  Mycoplasma  pneumoniae  have  been  studied  in  the 
propagation  of  both  surface  grown  and  suspension  cultures  of  Mycoplasma 
pneumoniae.   Animal  studies  with  live  and  inactivated  RS  vaccine  preparations     | 
continue  for  immunogenic ity  and  infectivity.  j 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   The  significance  of 
having  vaccines  against  three  major  causes  of  respiratory  illnesses  is 
obvious. 

Proposed  Course  of  Project:   To  continue  as  long  as  encouraging  results  are 
obtained. 

Date  Contract  Initiated:   June  28,  1962.   New  contract  number  PH43-68-692 
was  assigned  in  December  1967. 

Current  Annual  Level:   $230,000 
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UNIVERSITY  OF  CHICAGO  (PH43-68-83) 

Title :   Clinical  Trials  of  a  Group  A  Streptococcus  Vaccine 

Contractor's  Project  Director:   Dr.  Albert  Dorfman 

Project  Officer:   Dr.  Roger  Cole 

Objectives ;   Clinical  evaluation  of  a  prototype  purified  streptococcal 
M  antigen  vaccine.   Parameters  of  dosage,  time  intervals  between  inocula- 
tions and  possible  adverse  reactions  will  be  evaluated.   The  group  to  be 
studied  is  an  infant  population  -  ages  6  months  to  5  years. 

Methods  Employed:   Streptococcal  M  antigen  is  prepared  by  either  acid  ex- 
traction or  alkaline  extraction.   In  addition  the  antigen  may  be  treated 
with  trypsin.   Infants  are  carefully  monitored  by  subsequent  electrocardio- 
graphy. 

Major  Findings ;   No  data  reported  yet  as  contract  is  too  new. 

Significance  to  NIAID  Programs  &  Bio  Medical  Research;  Streptococcal  disease 
and  its  sequelae  i.  e.  rheumatic  fever  and  glomerulonephritis  are  significant 
public  health  problems.   An  effective  safe  vaccine  would  be  of  great  importance, 

Proposed  Course  of  Project:   To  be  evaluated  for  progress  in  Fall,  1968. 

Date  Contract  Initiated:   January  22,  1968 

Current  Annual  Level:   $57,000 
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RUBELLA  VACCINE  DEVELOPMENT 
1 .  SUMMARY 

The  Vaccine  Development  Branch  is  cooperating  with  Drs.  Parkman  and  Meyer  of 
the  Division  of  Biologies  Standards  and  with  Dr.  Sever  of  the  National 
Institute  of  Neurological  Diseases  and  Blindness  to  speed  the  development  and 
testing  of  rubella  vaccines. 

Derivations  of  the  live  attenuated  HPV-77  rubella  vaccine  strain,  previously 
described  by  Parkman  and  Meyer,  have  been  produced  in  three  tissue  culture 
systems.   The  lots  in  primary  canine  kidney  and  primary  African  green  monkey 
kidney  tissue  culture  were  produced  by  contractors  in  the  vaccine  development 
program.   Vaccine  prepared  in  primary  duck  embryo  tissue  culture,  although 
not  produced  under  contract,  was  made  available  for  program  use  by  the 
manufacturer . 

The  three  vaccine  preparations  (canine,  monkey  and  duck)  were  carefully 
studied  and  evaluated  in  closed  populations,  and  it  was  found  that  none  of 
the  vaccines  produced  untoward  clinical  reactions,  all  shed  virus  from  the 
throat,  and  all  were  immunogenic.   The  data  were  essentially  the  same  as  that 
obtained  with  the  parent  strain  (HPV-77) ,  and  it  was  apparent  that  a  few 
passages  in  other  cell  substrates  had  not  changed  the  nature  of  the  virus. 
Next,  small  family  studies  were  done  to  determine  how  the  virus  would  behave 
in  a  different  setting.   There  was  no  evidence  of  viral  transmission  to  any 
of  the  susceptible  household  contacts.   Large  family  studies  involving  sev- 
eral thousand  vaccinees  are  currently  in  progress  in  this  country. 

One  of  our  contractors  is  evaluating  vaccines  on  the  island  of  Taiwan  where 
most  of  the  population  under  10  years  of  age  is  susceptible  to  rubella 
disease.   A  closed  study  and  a  small  family  study  were  completed  when  natural 
rubella  appeared  on  the  island.   An  epidemic  was  feared,  and  it,  indeed, 
became  a  reality.   The  epidemic  is  assuming  the  pattern  of  the  one  which 
occurred  in  1957-1958,  when  the  disease  first  appeared  in  the  north  and 
spread  slowly  southward  for  the  next  nine  months  until  the  entire  island  was 
touched  by  the  disease.   Because  of  the  slow  spread  of  the  disease  sufficient 
lead-time  is  provided  the  contractor,  who  with  the  aid  of  the  local  public 
health  authorities,  is  working  ahead  of  the  epidemic  in  setting  up  meaningful 
studies.   It  is  most  unusual  to  be  presented  with  the  opportunity  of  testing 
vaccine  in  the  face  of  natural  disease,  and  every  effort  is  being  made  to 
fully  exploit  this  advantage. 

A  vaccine  lot  of  HPV-77  further  passed  in  human  diploid  cell  (WI-38)  will 
soon  be  available  for  limited  testing.   This  is  the  only  preparation  which 
has  not  been  made  in  primary  tissue  culture. 

Because  of  the  emphasis  on  vaccine  production  and  clinical  evaluation  the 
contract  program  has  been  tailored  to  meet  the  need.   Four  contracts  con- 
cerned primarily  with  research  and  development  have  been  terminated,  and 
three  additional  evaluation  centers  have  been  approved  for  funding.   With 
the  three  new  awards,  there  will  be  a  total  of  12  centers  involved  in  some 
phase  of  rubella  vaccine  evaluation. 
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Work  on  developing  an  inactivated  rubella  vaccine  has  been  discouraging.   It 
is  still  not  possible  to  completely  inactivate  the  virus  with  a  two  fold 
margin  of  safety  that  would  be  required  and  still  maintain  antigenicity.   It 
is  hoped  that  the  current  effort  directed  toward  studying  the  antigenicity 
of  various  viral  fractions  will  find  general  application  to  the  killed  vaccine 
problem. 

With  the  progress  made  in  the  last  year  with  live  attenuated  rubella  vaccine, 
it  is  anticipated  that  a  licensed  product  will  be  available  for  public  use 
before  the  next  rubella  epidemic. 
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CONTRACT  NARRATIVES 


Rubella  Virus  Vaccine  Program 

YALE  UNIVERSITY  (PH43-68-1037) 

Title :   Field  trial  and  laboratory  investigations  of  immune  responses  to 
rubella  and  its  antigenic  components 

Contractor's  Project  Director:   Dorothy  Horstmann,  M.D. 

Project  Officer:   Dr.  Earl  S.  Beck 

Ob  jectives ;   A  clinical  study  with  a  rubella  vaccine  prepared  in  DETC 
(HPV-77  +  5  Duck)  will  be  done  in  an  open  population  to  extend  previous  reports 
on  immunogenicity,  safety  and  lack  of  communicability .   The  population  will 
be  used  for  long-term  surveillance  studies  in  an  attempt  to  study  rate  of 
antibody  decay  and  to  determine  vaccine  efficacy  when  confronted  with  natural 
disease.   Another  portion  of  the  research  is  designed  to  study  in  depth  the 
serological  response  of  purified  rubella  virus  and  associated  antigens. 

Methods  Employed;   The  clinical  study  design  will  include  families  with  two 
or  more  siblings  susceptible  to  rubella  disease.   One  sibling  will  be  immu- 
nized and  the  other  will  be  followed  for  evidence  of  virus  transmission. 
Various  common  and  sophisticated  immunological  methods  will  be  employed  in 
testing  for  antigen-antibody  reactions.   A  number  of  biochemical  and  physical 
methods  employed  in  preparing  viral  fractions  will  be  utilized. 

Major  Findings:   None  as  contract  is  too  new. 

Significance  to  NIAID  Programs  &  Bio-Medical  Research: 

Testing  of  the  vaccine  in  the  open  community  will  add  to  the  rapidly  accumu- 
lating amount  of  data  proving  the  safety  of  the  vaccine  strain.   Ultimately, 
the  data  will  contribute  to  the  licensing  of  a  vaccine.   The  preparation  of 
a  viral  fraction  which  is  antigenic  could  be  the  basis  for  the  preparation  of 
an  inactivated  rubella  vaccine. 

Proposed  Course  of  Project:   It  is  estimated  that  the  proposed  workscope  will 
be  completed  in  two  years. 

Date  Contract  Initiated:   To  become  effective  in  June 

Current  Annual  Level:   $83,000 
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MICROBIOLOGICAL  ASSOCIATES.  INC.  (PH43-65-1004) 

Title:   Characterization  and  propagation  of  live  rubella  vaccine  candidate 
strains  and  production  reagents. 

Contractor's  Project  Director:   Dr.  Gabriel  Castellano 

Project  Officer:   Dr.  Earl  S.  Beck 

Objectives:   Adaptation  of  rubella  virus  to  avian  tissue  culture  and  production 
of  rubella  reagents  for  program  use. 

Methods  Employed:   HA  and  CF  antigens  are  prepared  in  BHK-21  cells  inoculated 
with  strains  of  rubella  virus.   The  production  techniques  for  these  antigens 
have  been  developed.   Adaptation  experiments  vere  done  at  various  temperatures 
and  subcultures  were  passed  at  different  stages  of  incubation  in  an  attempt  to 
propagate  the  virus  in  avian  tissues. 

Major  Findings:   Techniques  were  developed  for  the  production  of  HA  and  OF 
antigens  and  were  made  available  to  other  contractors  in  the  program.   The 
contractor  found  that  some  lots  of  AGMK  tissue  culture  were  resistant  to 
rubella  infection.   This  resistance  varied  from  slight  to  nearly  complete 
inhibition  of  viral  growth.   It  was  recommended  that  a  viral  titration  be 
done  in  every  lot  of  monkey  kidney  tissue  to  detect  this  phenomenon.   Ether 
treated  BHK-21  cell  pack  virus  proved  to  be  antigenic,  but,  again  the  question 
of  small  quantities  of  residual  live  virus  in  the  preparation  must  be  ruled- 
out.  Although  there  is  detectable  virus  in  chick  embryo  tissue  culture  after 
several  passages,  there  is  no  evidence  of  virus  multiplication. 

Significance  to  NIAID  Program  &  Bio-Medical  Research:   Since  reagents  were 
made  available  to  other  contractors  in  the  program,  it  was  unnecessary  for 
all  the  contractors  to  expend  effort  on  production  technology.   The  contract 
served  as  an  extension  of  Dr.  Sever 's  in-house  research  program  in  providing 
space  and  personnel  at  a  critical  time. 

Proposed  Course  of  Project:   The  contract  was  terminated  April  30,  1968, 
because  the  proposed  workscope  no  longer  appeared  relevant  to  program  needs. 
The  adaptation  of  rubella  virus  was  reported  by  Parkman  and  Meyer,  and  it 
was  found  more  economical  to  supply  reagents  from  another  portion  of  the 
program. 

Date  Contract  Initiated;   June  29,  1965 

Current  Annual  Level:   $203,845 
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CHAS.  PFIZER  AND  COMPANY.  INC.  (PH43-66-464) 

Title:   Studies  on  the  innmunogenicity  of  rubella  virus  for  Animals  and  Man 

Contractor's  Project  Director:  Drs.  Luiz  Barbosa  and  Joel  Warren 

Project  Officer:   Dr.  James  Overall 

Objectives :   Preparation  of  a  safe,  effective  killed  vaccine;  and  development 
of  an  animal  model  suitable  for  studying  the  tetratogenic  effect  of  rubella 
virus. 

Methods  Employed;   Various  routes  of  inocultaion  were  used  in  testing  the 
immunogenicity  of  these  preparations,  Sera  were  tested  for  HAI,  DF,  and 
neut.  antibodies.   Animals  in  various  stages  of  gestation  were  given  virulent 
and  attenuated  viruses  by  several  routes  of  inoculation. 

Major  Findings:  Although  the  preliminary  data  obtained  with  the  formalin 
inactivated  virus  preparation  appeared  encouraging,  the  final  results  were 
somewhat  disappointing,  since  it  became  apparent  that  the  immunogenic  effect 
observed  was  not  due  to  killed  antigen  but  to  residual  live  virus  remaining 
in  the  formalin  treated  preparations.   Virulent  virus  was  isolated  from  the 
embryos  of  infected,  pregnant  ferrets;  however,  attenuated  virus,  HPV-77, 
failed  to  cross  the  placental  barrier.   When  pregnant  ferrets,  previously 
immunized  with  attenuated  virus,  were  given  virulent  virus  subcutaneously  or 
intranasally,  virus  was  not  isolated  from  the  embryos.   But  if  the  challenge 
virus  was  administered  intravenously,  some  of  the  ferret  embryos  were 
infected. 

Significance  to  NIAID  Programs  6e  Bio-Medical  Research:   The  data  obtained 
with  the  formalin  treated  virus,  although  essentially  negative,  emphasizes 
the  difficulty  in  obtaining  a  safe,  immunogenic  killed  virus  preparation. 
It  would  appear  that  much  work  needs  to  be  done  on  the  pregnant  ferret  system 
to  prove  its  value.   The  final  proof  of  lack  of  tetratogenicity  of  the 
attenuated  virus  will  eventually  have  to  come  from  human  experimentation. 

Proposed  Course  of  Project:   The  contract  was  terminated  January  28,  1968, 
because  work  with  the  attenuated  rubella  strain  had  developed  and  progressed 
very  rapidly  and  looked  so  promising  that  the  new  contract  proposal  lacked 
program  relevance. 

Date  Contract  Initiated:   February  2,  1966 

Current  Annual  Level:   $64,556 
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VANDERBILT  UNIVERSITY 

Title;   Field  Study  of  Live,  Attenuated  Rubella 

Contractor's  Project  Director;   Dr.  Robert  Quinn 

Prelect  Officer;   Dr.  Earl  S.  Beck 

Objectives :   Various  population  groups  will  be  vaccinated  with  an  attenuated 
rubella  strain  to  study  vaccine  acceptability,  clinical  reactions,  antigenicity, 
communicability,  antibody  decay  and  efficacy  in  the  face  of  natural  disease. 

Methods  Employed;   The  clinical  study  design  will  vary  according  to  the  type 
population  vaccinated. 

Major  Findings;   New  contract,  no  data  reported. 

Significance  to  NIAID  Programs  &  Bio-Medical  Research;  The  contractor  will 
contribute  important  data  on  vaccine  safety,  immunogenicity  and,  eventually, 
efficacy.   The  populations  included  in  the  study  are  geographically  and 
socio-economically  different  from  those  of  other  on-going  studies. 

Proposed  Course  of  Project;   It  is  estimated  that  it  will  require  at  least 
two  years  to  complete  the  proposed  workscope. 

Date  Contract  Initiated;   June,  1968 

Current  Annaul  Level ;   $50,000 
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CASE  WESTERN  RESERVE  UNIVERSITY  (PH43-67- 1197) 

Title ;   Studies  of  antigenic  components  of  rubella  virus  and  trial  of  live- 
attenuated  rubella  vaccines 

Contractor's  Project  Director; 

Project  Officer;   Dr.  Earl  S.  Beck 

Ob  jectives :   Study  of  antigenic  components  of  rubella  virus  with  special 
emphasis  on  those  antigens  demonstrating  potential  value  in  the  inactivated 
vaccine  area.   Clinical  evaluation  of  a  rubella  vaccine  in  an  open  population. 

Methods  Employed:  Various  sophisticated  biochemical  and  physical  methods  have 
been  employed  to  disrupt   and  to  separate  different  viral  fractions.   Ana- 
lytical electrophoresis,  electron  microscopy  and  several  chromatographic 
systems  are  utilized.   Routing  immunological  techniques,  with  some  innovations, 
are  used  to  assess  antigen- antibody  reactions.   The  vaccine  trial  will  be 
conducted  in  families  with  at  least  two  siblings  susceptible  to  rubella 
disease.   One  will  be  vaccinated  and  the  other  will  serve  as  the  contact 
control. 

Major  Findings:   No  progress,  new  contract. 

Significance  to  NIAID  Programs  &  Bio-Medical  Research;   It  is  hoped  that 
study  on  the  antigenic  components  of  rubella  virus  will  find  application  in 
the  preparation  of  an  effective  subunit  rubella  vaccine.   Data  accumulated 
from  the  clinical  study  will  be  used  to  further  characterize  the  vaccine 
strain.   The  population  is  suitable  for  long-term  surveillance. 

Proposed  Course  of  Project;   It  is  estimated  that  the  proposed  workscope  will 
require  two  years  to  complete: 

Date  Contract  Initiated;  June  19,  1967 

Current  Annual  Level ;  $153,314  (two  years) 
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PHILIPS  ROXANE,  INC.  (PH43-66-99) 

Title;   Preparation  of  attenuated  rubella  virus  vaccines  in  canine  kidney 

Contractor's  Project  Director:   Mr.  Samuel  Musser 

Project  Officer:   Dr.  Earl  S.  Beck 

Objectives :   To  adapt,  propagate  and  prepare  rubella  virus  vaccines  in  cul- 
tures of  primary  canine  kidney. 

Methods  Employed:   Renal  tissue  is  obtained  from  dogs  kept  in  an  isolated 
colony  which  has  been  under  quanantine  for  at  least  three  years.   Primary 
renal  tissue  is  trypsinized  and  prepared  as  monolayers.   Adaptation  was 
accomplished  by  repeatedly  subculturing  and  passing  the  virus  in  this 
tissue.   Production  techniques  similar  to  those  used  for  rubeola  were 
utilized  in  preparing  rubella  vaccine  pools. 

Major  Findings:  Four  strains  of  rubella  virus  have  been  adapted  to  canine 
kidney  cells  without  difficulty  ,  and  it  appear  that  rubella  adapts  quite 
readily  to  this  tissue.   Virus  titers  obtained  are  acceptable  for  vaccine 
production.  A  safety  tested  vaccine  pool  of  HPV-77  passed  12  times  in 
canine  kidney  has  been  prepared  and  is  being  clinically  tested  at  several 
evaluation  centers. 

Significance  to  NIAID  Program  &  Bio-Medical  Research:  Canine  renal  tissue 
has  already  been  licensed  for  rubeola  vaccine  production,  and  the  experience 
with  the  tissue  in  humans  is  available.   The  contractor  is  well  equipped  and 
competent  to  produce  safety  tested  rubella  vaccine. 

Proposed  Course  of  Project:   The  contractor  has  completed  his  phase  of  the 
work,  and  the  contract  will  terminate  June  30,  1968. 

Date  Contract  Initiated:   December  8,  1965 

Current  Annual  Level :   $ 57 , 000 
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WYETH  LABORATORIES,  INC.  (PH43- 66-93) 

Title :  Rubella  Vaccine  Development 

Contractor's  Proiect  Director;  Dr.  Eugene  Rosanoff 

Project  Officer;   Dr.  Earl  S.  Beck 

Objectives:   To  study  rubella  virus  adaptation,  propagation  and  growth  in 
WI-38  cell  cultures. 

Methods  Employed;   Virus  is  passed  repeatedly  in  WI-38  cells  under  a  variety 
of  experimental  conditions.   Production  and  lyophilization  techniques  have 
been  developed  for  handling  large  bolumes  of  vaccine  produced  in  WI-38  cells. 

Ma1or  Findings:   Wyeth  has  succeeded  in  adapting  and  growing  rubella  virus  . 
in  diploid  cells  to  titers  equal  to  or  greater  than  those  obtainedwith  pri- 
mary cell  cultures.  Conditions  have  been  determined  for  lyophilizing  and 
storing  the  virus  for  months  without  loss  of  titer.   A  vaccine  lot  suitable 
for  parenteral  administration  in  humans  will  be  available  shortly  for 
program  use.   Oral  feeding  of  lyophilized  virus  in  enteric- coated  capsules 
has  not  been  found  to  be  a  satisfactory  method  of  immunizing  two  species  of 
monkeys. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:  This  is  the  only 
contractor  growing  rubella  in  a  human  diploid  cell  culture.   If  this  dipliod 
cell  system  is  eventually  recognized  as  an  acceptable  substrate,  the  tech- 
nology and  methodology  for  producing  vaccine  lots  will  be  available. 

Proposed  Course  of  Project:   This  contract  was  reviewed  and  extended  for 
six  months  to  allow  sufficient  time  to  complete  several  phases  of  work.  The 
contract  will  terminate  July  31,  1968. 

Date  Contract  Initiated:   December  29,  1965 

Current  Annual  Level;   $45,000 
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PITMAN-MOORE  (PH43- 66-461) 

Title :   Research  and  Development  of  an  Inactivated  Rubella  Virus  Vaccine 

Contractor's  Project  Director:   Dr.  James  Bittle 

Project  Officer:   Dr.  Earl  S.  Beck 

Ob  jectives :   To  determine  the  dosage  of  Cobalt  60  required  to  destroy  virus 
infectivity  without  altering  its  antigenicity  and  to  test  conditions  which 
influenced  radiation  dosage. 

Methods  Employgd :   The  gamma  radiation  facility  used  in  the  irradiation 
studies  is  a  large-scale  Cobalt  60  installation  of  the  "cave"  type,  22  feet 
below  ground  level.   Two  Cobalt  60  sources  in  the  "Cave"  were  used  during  the 
irradiation  trials.   A  circular  styrofoam  holder  was  designed  to  maintain  the 
frozen  biological  specimens  in  dry  ice  during  irradiation.   Inactivation 
curves  were  done  in  the  presence  of  additives. 

Major  Findings:   During  the  second  year  the  contractor  has  performed  very  well, 
and  the  data  reported  far  exceeds  the  modest  budget.   Inactivation  curves  have 
been  obtained  which  show  that  there  is  a  dose-virus  concentration  relationship; 
also,  chemicals  added  to  stabilize  the  virus  alter  the  inactivation  process. 
Some  viral  suspensions  irradiated  with  cobalt  60  or  cesuim  137  have  sero-con- 
verted  inoculated  monkeys.   However,  the  question  yet  to  be  resolved  is  the 
one  concerned  with  the  presence  of  residual  live  virus.   Preliminary  data 
would  appear  to  indicate  that  the  response  is  due  to  an  inactivated  rather 
than  a  live  antigen. 

Significance  to  NIAID  Program  &  Bio-Medical  Research:   Cobalt  60  irradiation 
is  being  investigated  as  a  means  of  producing  a  safe,  effective,  killed  rubella 
vaccine. 

Proposed  Course  of  Project:   The  contract  will  be  reviewed,  evaluated  and 
considered  for  renewal  at  the  end  of  the  contract  year  (March  21,  1969). 

Date  Contract  Initiated:   December  21,  1965 

Current  Annual  Level:   $32,000 
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ELI  LILLY  AND  COMPANY  (PH43- 66-96) 

Title :   Research  and  Development  of  Rubella  Attenuated  Vaccines 

Contractor's  Project  Director:   Dr.  Robert  N.  Hull 

Project  Officer:   Dr.  Earl  S.  Beck 

Objectives :   Adaptation,  propagation  and  characterization  of  different 
rubella  strains  directed  toward  developing  a  safe,  live  attenuated  rubella 
vaccine.   Production  and  safety  testing  of  vaccine  lots  made  with  attenuated 
viral  strains  developed  by  the  contractor  or  NIH  researchers. 

Methods  Employed:   In  an  attempt  to  obtain  an  attenuated  strain,  the  virus  is 
passed  repeatedly  in  various  tissue  culture  systems.   The  parameters  of 
different  growth  media,  incubation,  temperature,  passage  sequence  and  time  of 
viral  harvest  have  been  investigated. 

Major  Findings:   The  contractor  has  determined  and  defined  the  optimal 
conditions  required  to  grow  rubella  in  primary  rabbit  kidney  tissue.   The 
necessary  methodology  required  to  produce  large  volumes  of  rubella  vaccine 
has  been  developed.   Safety  tested  virus  challenge  pools  and  vaccine  lots 
have  been  prepared  and  supplied  to  the  program. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   The  contractor  is 
contributing  to  the  total  collaborative  effort  in  developing  a  safe  effective 
rubella  vaccine.   The  study  of  rubella  virus  in  primary  rabbit  kidney  is 
unique  to  this  contract. 

Proposed  Course  of  Project:   The  contract  will  be  reviewed  and  evaluated  for 
renewal  at  the  end  of  the  contract  year,  October  31,  1968. 

Date  Contract  Initiated;   December  20,  1965. 

Current  Annual  Level:   $212,000 
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PARKE-DAVIS  AND  COMPANY  (PH43 -66-92) 

Title:   Feasibility  Study:   Rubella  Virus  Vaccine 

Contractor's  Project  Director:   Dr.  Robert  Brackett 

Prolect  Officer:   Dr.  Earl  Beck 

Objectives:  The  major  portion  of  the  contract  effort  (90%)  is  to  be  directed 
toward  research  and  development  of  an  effective,  killed,  rubella  .vaccine,  and 
a  minor  effort  (10%)  is  to  be  spent  in  working  with  live,  attenuated  vaccines. 

Methods  Employed:   In  the  preparation  of  a  killed  vaccine,  virus  was  treated 
with  different  concentrations  of  betapropiolactone  and  various  dosages  of 
ultra  violet  light  alone  and  in  combination.   Live  attenuation  studies  are 
done  in  avian  tissue  culture. 

Major  Findings:   Concentrations  of  betapropiolactone  and  UV  which  completely 
inactivated  the  virus  destroyed  antigenicity.   However,  treatment  of  a 
preparation  with  sublethal  concentrations  of  both  agents  appears  to  have 
inactivated  the  virus  without  destroying  all  antigenicity,  and  the  inocula- 
tion of  some  animals  with  a  concentrated,  adjuvanted  virus  preparation 
stimulated  the  production  of  HAI  antibody.   However,  there  is  evidence  of 
antibody  decay  within  a  couple  of  months  following  the  immunization.   The 
presence  of  this  antibody  does  not  appear  to  eliminate  virus  shedding  from  the 
nasopharynx  upon  subsequent  challenge  with  virulent  virus.   Concentrated, 
non-adjuvanted,  killed  preparations  did  not  elicit  an  antibody  response. 

Slgnificance  to  NIAID  Program  and  Bio-Medical  Research:   Although  the  UV- 
betapropiolactone  inactivated,  adjuvanted,  concentrated  virus  preparation 
stimulated  HAI  antibody  production,  the  nature  of  the  antibody  in  relation- 
ship to  protection  against  disease  needs  clarification. 

Proposed  Course  of  Project:   Contract  to  be  reviewed  for  action  in  six  months. 

Date  Contract  Initiated:   December  1,  1965 

Current  Annual  Level:   $75,000  (six  months) 
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CUTTER  LABORATORIES  (PH43- 66-95) 

Title ;   Preparation  of  Rubella  Virus  Vaccine 

Contractor's  Project  Director:   Dr.  Karol  A.  Hok 

Project  Officer:   Dr.  Earl  S.  Beck 

Objectives ;   To  study  methods  of  inactivation  rubella  virus  and  to  test  the 
antigenicity  of  such  preparations  in  suitable  animals. 

Methods  Employed:  Virus  preparations  were  inactivated  in  two  stages: 
irradiation  by  ultraviolet  lights  in  the  centrifilmer  followed  by  the 
addition  of  various  concentrations  of  formalin  or  betapropiolactone. 

Major  Findings;   There  is  some  evidence  that  virus  treated  consecutively  with 
sublethal  doses  of  uv  and  betapropiolactone  lost  infectivity  but  not  anti- 
genicity.  However,  only  a  few  of  the  inoculated  animals  produced  HAI  antibody, 
and  it  was  not  certain  whether  the  antibody  rise  was  due  to  killed  antigen  or 
to  residual  live  virus. 

Significance  to  NIAID  Program  6e  Bio-Medical  Research:   Because  of  the  rapid 
progress  made  in  the  development  of  a  live,  attenuated  rubella  virus  vaccine, 
work  on  the  preparation  of  a  killed  vaccine  was,  by  necessity,  reduced.   How- 
ever, another  contractor  also  working  on  the  UV-BPL  virus  inactivation  will 
continue  the  studies  in  an  attempt  to  prove  the  value  of  the  technique. 

Proposed  Course  of  Project:   Contract  was  terminated  on  March  6,  1968. 

Date  Contract  Initiated:   February  7,  1965 

Current  Annual  Level :   -0- 
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UNIVERSITY  OF  CINCINNATI  (PH43- 67-75) 

Title:   Testing  of  Rubella  Virus  Vaccines 

Contractor's  Project  Director;   Dr.  Gilbert  Schiff 

Project  Officer;   Dr.  Earl  S.  Beck. 

Objectives ;   Clinical  evaluation  of  candidate  rubella  virus  vaccines  in 
closed  and  open  type  studies. 

Methods  Employed;   The  studies  will  be  designed  to  determine  the  antigenicity, 
infectivity,  transmission,  and  protective  effect  of  rubella  virus  vaccines. 

Major  Findings;   The  contractor  has  tested  three  rubella  virus  vaccines  in  a 
closed  population  of  adult  males.   None  of  the  vaccines  produced  an  untoward 
reaction,   and  all  were  antigenic  and  protective  as  was  evidenced  by  a  sub- 
sequent virus  challenge.   The  family  studies  are  in  progress. 

Significance  to  NIAID  Program  &  Bio-Medical  Research;   This  is  the  only  con- 
tractor which  evaluates  vaccines  in  a  closed  adult  population.   Since  all  new 
candidate  vaccines  must  be  tested  in  adults  prior  to  testing  in  children,  this 
contract  is  important  to  the  program. 

Proposed  Course  of  Project;   To  continue  to  be  used  as  a  vaccine  evaluation 
center.   At  end  of  contract  year  (January  7,  1969)  the  contract  will  be 
reviewed  and  evaluated  for  renewal. 

Date  Contract  Initiated;   December  8,  1966 

Current  Annual  Level;   $100,000 
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ABBOTT  LABORATORIES  (PH43- 66-459) 

Title ;   Research  and  Development  of  Attenuated  Rubella  Vaccines 

Contractor's  Project  Director:   Dr.  Jacob  Holper 

Project  Officer;   Dr,  Earl  S.  Beck 

Objectives;   Research  and  development  of  rubella  vaccines  propagated  in  primary 
cell  cultures  of  African  green  monkey  kidney  (AGMK)  and  avian  tissues. 
Adaptation  and  propagation  of  vaccine  strains  at  26  C.   Preparation  of  high 
titer  rubella  virus  antisera  in  various  animal  systems. 

Methods  Employed;   Production  techniques  in  a  tissue  culutre  propagator  have 
been  developed  for  producing  large  quantities  of  rubella  vaccine  suitable  for 
human  use.   Strains  of  rubella  virus  were  adapted  to  grow  at  26  C  by  repeated 
passage  in  various  tissue  culture  systems.   Animal  species  and  inoculative 
regimes  were  varied  in  preparing  immune  sera. 

Major  Findings;   A  safety  tested  lot  of  rubella  virus  vaccine,  Gilchrist  P-48, 
was  prepared  in  a  commercial  tissue  culture  propagator  with  duck  embryo  tissue. 
This  strain  will  be  tested  and  compared  with  those  presently  available.   Pre- 
liminary data  indicate  that  rubella  virus  will  propagate  at  26  C.   Rubella 
antiserum  prepared  in  the  horse  has  been  used  by  most  of  the  contractors  in 
the  program. 

Significance  to  NIAID  Programs  &  Bio-Medical  Research;   The  contractor  has 
demonstrated  competence  in  producing  safety  tested  lots  of  rubella  virus 
vaccine  suitable  for  human  use.   The  contractor  has  worked  well  as  part  of 
the  team  to  develop  a  safe  effective  rubella  vaccine. 

Proposed  Course  of  Project:   Unless  there  is  some  change  in  the  course  of  the 
rubella  program  this  contract  will  terminate  March  26,  1969. 

Date  Contract  Initiated;   December  27,  1965,  new  contract  number  PH43-68-966 
assigned  March  1968. 

Current  Annual  Level:   $50,000 
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ATTEMDING  STAFF  ASSOCIATION  OF  THE  LOS  ANGELES  COUNTY  HOSPITAL  (PH-43- 67-80) 

Title:   Evaluation  of  Rubella  Virus  Vaccines  in  Human  Volunteers 

Contractor's  Project  Director:   Dr.  Bernard  Portnoy 

Project  Officer :   Dr.  Earl  Beck 

Ob  jectives :  Candidate  rubella  virus  vaccines  will  be  evaluated  in  closed  and 
open  populations  for  untoward  reactions,  antigenicity,  communicability,  anti- 
body persistance  or  disappearance,  and  vaccine  efficacy. 

Methods  Employed;   Vaccine  evaluation  will  be  conducted  in  closed  populations 
at  Pacific  State  Hospital,   Phase  1  studies  which  require  isolation  facilities 
will  be  done  here.   Family  studies  will  be  initiated  in  clinic  populations  as 
v/ell  as  the  open  community. 

Major  Findings;   Rubella  vaccines,  HPV-77  and  derivatives,  have  been  tested  in 
closed  and  open  populations.   As  a  result  of  these  studies,  additional  date 
have  been  obtained  on  the  non- communicability  of  the  vaccine  strain,  inspite 
of  frequent  isolation  of  the  virus  for  the  nasopharynx,  and  the  antigenicity, 
rate  of  sero- conversion,  was  greater  than  95  percent.  A  transient  veremia 
was  observed  in  one  vaccinee.   An  adult  female  with  measurable  HAI  antibody 
was  reported  to  have  developed  a  classical  case  of  rubella.   The  vaccine  has 
behaved  without  incident  in  the  family  studies. 

Significance  to  NIAID  Program  &  Bio-Medical  Research;  Provides  necessary 
closed  and  open  populations  necessary  to  evaluate  condidate  rubella  virus 
vaccines.   This  is  the  only  contractor  with  a  closed  pediatric  population. 

Proposed  Course  of  Project:   To  continue  to  be  used  as  a  vaccine  evaluation 
center.   At  end  of  contract  year  (January  19,  1969)  the  contract  will  be 
reviewed  and  evaluated  for  renewal. 

Date  Contract  Initiated:   December  20,  1966 

Current  Annual  Level;   $123,000 


I 


60 


STATE  UNIVERSITY  OF  NEW  YORK  AT  BUFFALO 

Title:   Studies  of  Live,  Attenuated  Rubella  Vaccine 

Contractor's  Project  Director:   Drs.  Peter  Isacson  and  David  Karzon 

Project  Officer:   Dr.  Earl  Beck 

Objectives:   To  determine  safety,  efficacy  and  optimal  methods  of  use  of 
newly  developed  live,  attenuated  rubella  vaccines  in  various  types  of  popula- 
tion groups  which  will  include  families,  students  and  post-partum  females. 
Appropriate  populations  will  be  subjected  to  long  terra  surveillance  to  study 
antibody  persistence  or  decay. 

Methods  Employed:   The  various  populations  will  be  inoculated  with  a  derivative 
of  HPV-77  rubella  vaccine  strain.   Sero-conversion  will  be  followed  by  the  HAI 
test  and  when  necessary  by  CF  and  neutralization  tests. 

Major  Findings:   New  contract  (June  1968);  no  progress  to  date. 

Significance  to  NIAID  Programs  and  Bio-Medical  Research:   The  data  obtained 
from  these  studies  will  help  to  establish  the  safety  and  the  efficacy  of  the 
HPV-77  vaccine  strain.   The  overall  results  will  contribute  to  the  future 
licensing  of  the  vaccine  strain. 

Proposed  Course  of  Project:   It  is  estimated  that  the  proposed  workscope  will 
be  completed  in  two  years. 

Date  Contract  Initiated:    June  1968 

Current  Annual  Level;   $47,000 


61 


UNIVERSITY  OF  VERMONT  (PH43- 67-77) 

Title:   Biologic  and  Antigenic  Studies  with  Rubella  Virus 

Contractor's  Project  Director;   Dr.  C.  Alan  Phillips 

Project  Officer;   Dr,  Earl  S.  Beck 

Objectives :   Clinical  evaluation  of  rubella  vaccines  in  susceptible  populations. 
Investigation  of  various  rubella  isolates  in  an  attempt  to  detect  variants  with 
antigenic  differences. 

Methods  Employed;   The  design  of  the  clinical  study  will  be  tailored  to  meet 
the  demands  of  the  test  group.   In  general,  routine  isolation  and  serologic 
techniques  will  be  utilized.   The  ^  vivo  and  in  vitro  marker  systems  will  be 
employed  in  an  attempt  to  detect  variants. 

Major  Findings;   Attempts  to  detect  naturally  occurring  attenuated  rubella  virus 
variants  has  been  hampered  by  the  lack  of  rubella  disease  in  the  area.   However, 
isolates  from  other  investigators  are  being  requested  for  this  portion  of  the 
study.   The  rapid  attenuation  associated  with  the  adaptation  to  chick  embryo 
cells  is  being  investigated.   A  clinical  study  with  HPV-77  DK2^2  rubella  vaccine 
has  been  completed. 

Significance  to  NIAID  Program  &  Bio-Medical  Research;   It  is  not  known  whether 
rubella  virus  variants  occur  that  differ  markedly  in  virulence  and  in  antigenic 
composition  from  the  prototype  vaccine  strains.   If  variant  strains  are  detected, 
this  could  have  direct  program  relevance.   The  data  obtained  from  the  clinical 
studies  will  be  used  to  prove  vaccine  safety  and  efficacy. 

Proposed  Course  of  Project;  At  end  of  contract  year  (December  31,  1968)  the 
contract  will  be  reviewed  and  evaluated  for  renewal. 

Date  Contract  Initiated;   December  16,  1966 

Current  Annual  Level ;   $42,529 
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3 .   PUBLICATIONS 

Auletta,  Angela,  E.,  Gitnick,  G.L.,  Whitmire,  Carrie  E.,  and  Sever,  J.L.: 
An  improved  diluent  for  rubella  hemagglutination  and  hemagglutination- 
inhibition  tests.   Journal  of  Applied  Microbiology.   in  press 

Rafajko,  Robert,:   Rubella  hemagglutinin  prepared  in  a  serial  line  of 
african  green  monkey  kidney  cells  (vero) .   Journal  of  Applied  Microbiology. 
in  press. 
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BACTERIAL  VACCINES  DEVELOPMENT 
1.   SUMMARY 

Contrary  to  widely  held  views  that  pneumococcal  disease  no  longer  constitutes 
a  serious  medical  problem,  the  number  of  deaths  attributed  to  pneumonia  and 
influenza  has  been  rising  gradually  since  1955,  despite  available  methods  of 
therapy.   The  recognition  of  this  disease  as  a  public  health  problem  of  major 
significance  is  based  on  mortality  and  morbidity  data  furnished  by  the  National 
Center  for  Health  Statistics  and  the  independent  research  of  Dr.  Robert  Austrian, 
Professor  of  Research  Medicine,  University  of  Pennsylvania. 

There  are  55,000  to  70,000  deaths  per  year  in  the  United  States  from  acute 
pulmonary  infection  "pneumonia  and  influenza "  (more  than  100  times  the  number 
of  deaths  from  polio),  and  the  mortality  rate  has  risen  gradually  from  1956 
to  1967.   This  is  ranked  as  Number  5  of  the  ten  leading  causes  of  death  in  the 
United  States  today.   The  death  rate  is  considerably  higher  in  individuals 
over  45  years  of  age,  being  twice  that  of  the  preceding  decade.   It  is  more 
than  quadrupled  in  the  55-64  age  group,  and  escalates  even  more  steeply  after 
65  years  of  age.   The  risk  of  death  from  pneumonia  is  increased  more  than  four- 
fold in  the  presence  of  complicating  illnesses,  especially  in  heart  disease, 
also  in  chronic  illnesses  and  other  adverse  factors.   The  number  of  persons 
over  55  years  of  age  was  28.5  million  in  1955  and  the  Census  Bureau  projection 
is  46  million  by  1980.   This  could  conceivably  increase  the  death  rate  to 
approximately  90,000  to  110,000. 

Estimates  of  pneumococcal  pneumonia  acute  illness  range  from  300,000  to 
500,000  cases  per  year,  with  a  mean  of  400,000  cases  taken  as  the  estimated 
working  figure.  The  morbidity  has  remained  virtually  unchanged  despite 
antibiotics,  and  even  with  penicillin  therapy  the  length  of  hospital  stay  for 
a  patient  with  bacterial  pneumonia  has  remained  at  7  to  12  days. 

In  1965  there  was  a  sharp  increase  in  the  cost  of  hospitalization  to  $44.48 
per  day  per  patient,  and  the  cost  rose  to  $48.15  in  1966.   This  would  give 
a  total  cost  of  $337  to  $578  per  illness  (acute  bacterial  pneumonia),  with 
a  mean  of  approximately  $460  as  the  estimated  working  figure.   In  cases  with 
other  adverse  factors,  the  length  of  hospital  stay  and  the  cost  would  increase 
correspondingly.   With  these  current  estimates,  the  cost  of  hospitalization 
for  this  disease  is  upwards  of  $180  million  per  year.   If  complicating 
illnesses  are  considered,  the  cost  will  exceed  $200  million. 

Field  trials  of  a  vaccine  carried  out  in  1947  in  5,000  persons  50  years  of 
age  and  older  indicated  a  907o  reduction  of  incidence  of  infection  and 
bacteremia.   An  effective  vaccine,  delivered  into  the  appropriate  high  risk 
groups,  should  thus  be  able  to  reduce  the  mortality  rate  by  15,000  to  25,000 
per  year,  and  to  save  $50  million  to  $100  million  per  year  in  hospitalization 
and  medicare  costs. 

Preliminary  surveillance  of  selected  hospital  populations  has  already  been 
carried  out  under  contract  PH43-67-681  by  Dr.  Austrian,  and  this  is  now  being 
expanded  to  include  high  risk  and  other  groups  on  a  nationwide  scale,  in  order 
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to  determine  which  elements  of  the  population  should  be  selected  for  trials 
of  a  vaccine.   Six  to  ten  surveillance  centers  are  now  being  instituted  as 
subcontracts  of  Dr.  Austrian's  primary  contract,  in  order  to  have  this  program 
operative  within  the  shortest  time  and  at  the  least  financial  expenditure. 
A  contract  is  currently  being  negotiated  with  Dr.  Thomas  Grayston  of  the 
University  of  Washington  for  surveillance  of  pneumococcal  disease  as  an  adjunct 
to  his  extensive  studies  of  influenza,  other  viral,  and  mycoplasma  respiratory 
infections.   Specifications  for  a  polyvalent  pneumococcal  vaccine  have  been 
defined  by  expert  consultants  in  order  to  assure  a  safe  and  potent  product 
before  starting  manufacture.   The  Bacterial  Vaccines  Program  is  currently 
negotiating  a  contract  for  the  production  of  12  serological  types  of  pneumo- 
coccal vaccine  which  correspond  to  the  types  most  prevalent  in  the  United 
States  as  indicated  by  preliminary  surveillance  studies.   The  first  lots  of 
vaccine  should  be  available  for  safety  testing  in  1969,  at  which  time  the 
large  scale  surveillance  program  should  be  accumulating  data  indicative  of 
appropriate  risk  groups  for  vaccination  trials. 
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2.   CONTRACT  NARRATIVES 
Bacterial  Vaccines  Program 

TRUSTEES  OF  THE  UNIVERSITY  OF  PENNSYLVANIA  (PH43-67-681) 

Title:   Surveillance  of  Pneumococcal  Disease 

Contractor's  Project  Director:   Dr.  Robert  Austrian 

Project  Officer  (NIAID):   Dr.  Edwin  M.  Lerner  II 

Objectives:   To  conduct  surveillance  of  the  prevalence  of  pneumococcal  types 
causing  illness  and  death  in  different  geographic  areas  of  the  United  States. 

Methods  Employed:   The  incidence  and  severity  of  infections  will  be  obtained 
by  the  typing  of  pneumococci  isolated  from  blood  cultures  and  from  sputum, 
pleural,  joint,  spinal  and  other  body  fluids.   Specimens  will  be  obtained 
from  hospital  patients,  specific  high  risk  groups,  and  large  open  populations. 

Major  Findings:   The  number  of  pneumococcal  isolates  from  blood  cultures 
collected  since  the  start  of  the  surveillance  program  now  totals  782. 
Analysis  of  type  distribution  indicates  that  types  I,  III,  IV,  VII,  VIII 
and  XII  account  for  557<.  of  the  isolates  from  all  age  groups.   These  six 
types  plus  types  VI,  XIV,  XIX  and  XVIII  account  for  717o  of  all  bacteremic 
infections  reported. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   These  data  have 
indicated  the  need  to  reintroduce  a  polyvalent  pneumococcal  vaccine  to  com- 
bat increasing  mortality  caused  by  pneumococcal  pneumonia. 

Proposed  Course  of  Project:   This  contract  will  be  renewed  for  one  year  and 
then  reevaluated  at  the  end  of  the  contract  year  (May  31,  1969). 

Date  Contract  Initiated:   February  6,  1967 

Current  Annual  Level:   $185,540 
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ELI  LILLY  AND  COMPANY 

Title:   Production  of  Specific  Immunogenic  Polysaccharides  from  Various 
Serological  Types  of  Pneumococci 

Contractor's  Project  Director:   Robert  S.  Baker,  Ph.D. 

Project  Officer  (NIAID) :   Dr.  Edwin  M.  Lerner  II 

Objectives:   To  produce  100  grams  each  of  twelve  types  of  pneumococcal 
polysaccharide . 

Methods  Employed:   Previously  employed  techniques  for  the  large-scale 
production  and  purification  of  polysaccharide  vaccines  can  give  a  safe 
and  potent  product.   These  techniques  will  be  improved  and  replaced  by 
latest  developments  as  indicated. 

Major  Findings:   None.   This  contract  was  being  negotiated  at  the  time  this 
report  was  written. 

Significance  to  NIAID  Program  and  Bio- Medical  Research:   These  vaccines  will 
be  used  to  immunize  individuals  in  high  risk  categories  which  should  result 
in  a  lower  incidence  of  disease  and  death  attributed  to  pneumococcal  pneu- 
monia.  Such  vaccines  may  also  find  considerable  use  in  selected  pre-operative 
cases.   Further,  this  may  serve  as  a  prototype  and  guide  for  other  bacterial 
vaccines. 

Proposed  Course  of  Project:   18  months 

Date  Contract  Initiated:   June,  1968 

Current  Annual  Level:   $213,000 
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UNIVERSITY  OF  WASHINGTON 

Title:   Surveillance  of  Pneumococcal  Disease 

Contractor's  Project  Director:   Dr.  J.  Thomas  Grayston 

Project  Officer  (NIAID):   Dr.  Edwin  M.  Lerner  II 

Objectives:   To  conduct  a  surveillance  of  pneumococcal  infection  within  the 
existing  structure  of  a  large  viral  respiratory  disease  survey. 

Methods  Employed:   The  incidence  and  severity  of  infection  will  be  obtained 
by  the  typing  of  pneumococci  isolated  from  blood  cultures  and  from  sputum. 
Sera  will  be  compared  to  that  of  a  control  group.   An  attempt  will  be  made 
to  develop  a  serological  test  to  aid  in  the  typing  and  identification  of 
pneumococci . 

Studies  involving  the  etiology  of  pneumonia  will  also  be  undertaken  and  an 
attempt  will  be  made  to  discover  the  effect  of  early  penicillin  therapy  on 
the  development  of  antibody  and  circulating  antigen. 

Major  Findings:   None.  This  contract  was  being  negotiated  at  the  time  this 
report  was  written. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   This  contract  will 
provide  important  information  on  the  role  of  pneumococcal  disease  as  a 
concurrent  infection  with  influenza,  other  viral,  and  mycoplasma  respiratory 

infections . 

Proposed  Course  of  Project:   One  year 
Date  Contract  Initiated:   June,  1968 
Current  Annual  Level:   $48,000 
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TRANSPLANTATION  IMMUNOLOGY  PROGRAM 
1.   SL'MMARY 


By  June  30,  1968,  the  Branch  will  provide  approximately  $2.3  million  in  the 
support  of  36  contracts  in  transplantation  immunology.  The  programs  of  the 
Branch  can  be  considered  in  seven  general  categories. 

I.   Histocompatibility  Typing  Facilities  and  Reagents 

In  establishing  the  collaborative  Transplantation  Immunology  Program, 
the  funds  were  first  provided  to  support  studies  relating  to  the 
various  systems  of  typing  and  to  develop  new  simplified  and  reliable 
techniques  for  histocompatibility  matching;  18  contracts  for  $1,303,832 
support  these  studies.   A  great  deal  of  progress  has  been  made 
primarily  in  increasing  the  accuracy  of  the  current  techniques  and  in 
reducing  the  quantity  of  reactants  needed.   The  efficacy  of  the  leucocyte 
agglutination,  cytotoxicity,  platelet  complement  fixation  and  the 
lymphocyte  blast-transformation  techniques  have  been  compared.   The 
utility  of  these  various  procedures  has  been  established.   Although  they 
have  all  shown  to  be  useful,  it  is  unlikely  that  any  single  test  can 
be  used  to  pick  all  antigens.   Additional  work  needs  to  be  done  to 
increase  the  sensitivity  of  the  tests  to  pick  weakly  reactive  antigens. 
Prospective  and  retrospective  studies  of  transplant  recipients  have 
established  the  relative  importance  of  the  various  histocompatibility 
antigens.   There  seem  to  be  10  to  12  antigens  on  the  HLA  locus.   Of  these, 
4a,  6b,  8a  as  well  as  the  blood  group  A  and  B  antigens  have  been  shown 
to  play  a  role  in  graft  rejection. 

Nine  regional  typing  evaluation  facilities  have  been  established  in 
areas  where  a  large  number  of  organ  transplants  are  being  performed. 
These  facilities  permit  prospective  tissue  matching  for  transplantation 
and  collect  data  to  help  establish  the  importance  of  the  various  histo- 
compatibility antigens.   Typing  facilities  are  located  in  Los  Angeles, 
San  Francisco,  Boston,  Richmond,  New  York  City,  Seattle,  Minneapolis 
and  Cleveland.   These  also  provide  opportunities  for  immunologists  and 
technicians  to  learn  new  methods  of  tissue  typing  and  serve  as  local 
reference  facilities  for  other  transplantation  typing  programs. 

During  the  past  two  years,  over  100  liters  of  histocompatibility  typing 
antiserum  have  been  obtained  from  contractors.   Serum  banks  have  been 
established  in  Amsterdam,  Holland  and  Bethesda,  Maryland.   Typing  reagents 
are  packaged,  stored  and  distributed  to  reputable  investigators  around 
the  world.   Investigators  using  this  serum  report  the  results  of  their 
studies  to  the  Branch.   During  the  past  year,  a  catalog  of  histocompati- 
bility reagents  and  procedures  has  been  prepared;  it  will  be  periodically 
updated  with  information  from  contractors  and  serum  users.   The  Program 
also  supports  a  contract  for  the  production  of  H-2  (mouse)  antiserum  which 
is  also  available  through  the  serum  banks.   All  nine  components  of  human 
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complement  have  been  prepared  in  functionally  active  form.   This  material 
has  been  certified  by  two  reference  laboratories  and  is  now  being 
distributed.   Pilot  studies  have  been  completed  for  the  production  of 
purified  stable  human  complement  which  will  be  available  within  the 
current  contract  year. 

A  quality  control  laboratory  is  maintained  in  Durham,  North  Carolina 
where  all  sera  deposited  in  the  bank  are  checked  for  purity,  specificity 
and  stability.   This  facility  also  serves  to  further  evaluate  the 
activity  of  material  submitted  by  other  contractors  and  to  aid  in  the 
development  of  methods  of  storage  and  preservation  for  research  reagents. 

II.   Immunosuppressive  Drug  Studies 

Two  contracts  totaling  approximately  $92,000  provide  funds  to  evaluate 
potentially  active  immunosuppressive  drugs  in  animals  and  patients. 
Several  drugs,  Cytoxan  and  methotrexate,  are  effective  in  abrogating 
the  immune  response  in  rodents  and  can  be  used  with  some  success  in 
bone  marrow  transplantation.   Studies  underway  will  evaluate  the  immuno- 
suppressive efficacy  of  a  variety  of  new  anti- tumor  agents  in  patients. 

III.   Antilymphocyte  Serum 

Approximately  $350,000  is  provided  for  four  new  contracts  for  the  produc- 
tion and  evaluation  of  ALS .   Animal  studies  have  demonstrated  the 
efficacy  in  prolonging  skin  graft  survival.   A  number  of  clinical 
studies  are  underway  using  antiserum  produced  in  horses  against  human 
lymphocytes  or  thymocytes.   Preliminary  results  suggest  that  this  material 
may  be  immunosuppressive  and  is  potentially  useful  in  overcoming  minor 
Histo- incompatibilities.  During  the  coming  year,  increased  emphasis  will 
be  placed  on  the  production  of  large  quantities  of  this  material  and 
the  development  of  facilities  for  a  thorough  sub-human  primate  evaluation 
of  its  toxicity  and  efficacy  before  embarking  on  clinical  evaluation 
programs . 

IV.   Antigen  Studies 

Four  contracts  totaling  $152,000  have  demonstrated  the  immunogenetic 
role  of  the  human  blood  group  A  and  B  antigens  and  of  various  staphy- 
loccal  cell-wall  membrane  prepaEations .   Skin  test  studies  in  human 
volunteers  serve  to  delineate  the  relative  importance  of  the  various 
human  histocompatibility  antigens  in  graft  rejection. 

V.   Immunological  Phenomena 

Two  contracts  totaling  $92,000  evaluate  the  immunological  changes  in  the 
tissues  and  serum  of  patients  who  have  received  organ  transplants.   Pre- 
liminary studies  indicate  that  there  is  an  increase  in  rheumatoid-like 
factor  in  the  serum  of  transplant  recipients.   Titers  may  be  higher  in 
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patients  with  histo-incompatibility.   Another  contract  provides  for 
immunological  studies  of  antigen-antibody  complexes  in  kidney  basement 
membranes.   These  techniques  may  be  useful  in  de terming  the  activity 
of  chronic  renal  disease  and  assessing  the  degree  of  graft  rejection  in 
patients. 

VI.   Statistical  Studies 

Three  contracts  totaling  $148,000  provide  funds  to  collect  transplanta- 
tion statistical  information.   The  principal  contract  provides  for  the 
maintenance  and  improvement  of  the  Kidney  Transplantation  Registry. 
This  program  collects  worldwide  data  on  kidney  transplants.   The 
information  is  processed,  collated  and  used  as  a  basis  for  a  number  of 
publications  in  transplantation  statistics  including  the  periodic  report 
of  the  registry  published  in  the  journal,  Transplantation.   Funds 
provided  during  this  contract  year  will  allow  for  a  broadening  of  the 
activities  and  make  additional  data  available  for  scientific  and 
administrative  purposes.   Two  other  statistical  contracts  provide  funds 
to  evaluate  the  efficacy  of  various  methods  of  tissue  typing  and  to 
conduct  statistical  analyses  of  genetic  studies  to  determine  the  inheritance 
of  various  histocompatibility  antigens. 

(711 .   Dissemination  of  Scientific  Information 

Activities  of  the  Branch  provide  for  the  rapid  dissemination  of  research 
information.   All  contracts  provide  funds  for  the  publication  of  the 
results  of  contract  supported  studies.   Annual  progress  reports  of 
contractors  are  distributed  to  Committee  members  and  other  contractors 
and  are  made  available  to  the  general  scientific  public  through  the 
Clearinghouse  for  Federal  Scientific  and  Technical  Information.   The 
Branch  sponsors  an  annual  contractor's  meeting  which  permits  contractors 
to  present  the  results  of  their  studies  and  brings  together  the  various 
contractors  for  an  exchange  of  research  information  and  ideas.   Finally, 
the  Institute  has  provided  partial  support  for  several  important  transplan- 
tation meetings  including  the  July  1967  Torino  Workshop  for  Histocompati- 
bility and  the  Torino  Transplantation  Meetings.   In  addition,  funds  are 
being  made  available  to  make  possible  the  publication  of  the  abstracts 
and  scientific  papers  presented  at  the  Second  International  Transplanta- 
tion Society  Meeting  in  September  1968. 
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TRANSPLANTATION  IMMUNOLOGY  BRANCH 

2.   CONTRACT  NARRATIVES 

ST.  BARNABAS  MEDICAL  CENTER  (PH43-67-1145) 

Title;   Isolation,  Characterization  and  Solubilization  of  Bacterial  Prepara- 
tions Active  as  Transplantation  Antigens 

Contractor's  Project  Director:   Dr.  S.  S.  Barkulis 

Project  Officers;   Dr.  Donald  E.  Kayhoe  and  Mr.  Curtis  D.  Tate 

Objectives :   The  principal  objectives  of  this  contract  are  to  study  group  A 
streptococci  to;   1)   define  the  metabolic  growth  and  passage  requirements  to 
permit  demonstration  of  the  transplantation  effect  in  regularly  reproducible 
fashion,  with  particular  reference  to  possible  relationship  between  strepto- 
coccal virulence,  and  the  presence  or  absence  of  transplantation  factors; 
2)   define  the  physical  properties  of  the  antigen(s)  concerned  with  the 
induction  of  homografts  sensitivity  in  the  guinea  pig;  3)   isolate  the  antigen(s) 
concerned  with  the  induction  of  allograft  sensitivity;  and,  4)   define  the 
biochemical,  immunological  and  structural  characteristics  of  the  antigen(s) . 

Methods  Employed;   Type  21,  strain  AR  41  Group  A,  streptococci,  are  grown  in 
blood  supplemented  brain  heart  infusion,  Todd-Hewett  broth,  an  Albimi  semi- 
synthetic broth  and  Wanamaker's  dialysate  broth.   A  variety  of  inocula  are 
being  studied  to  determine  the  best  cultural  and  growth  conditions  for 
producing  whole  cell  preparations  with  the  highest  activity  as  transplantation 
antigens.   The  bacteria  harvested  are  forwarded  to  Dr.  Felix  Rapaport,  in 
New  York  City,  for  fractionation  and  animal  testing. 

Major  Findings;   To  date  it  appears  that  mouse-passed  inocula  which  have  not 
been  frozen  yield  cell  masses  that  are  better  transplantation  antigens.   This 
conclusion  is  tentative. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   A  number  of  techniques 
for  immunosuppression  are  being  evaluated  by  the  Program.   One  such  technique 
would  be  by  the  induction  of  tolerance  by  repeated  injection  of  antigenic 
material.   Bacterial  wall  membrane  antigen  might  be  useful  for  this  work. 
Fractions  of  this  material  are  tested  in  mice  to  determine  activity  on  skin 
graft  survival. 

Proposed  Course  of  Project:   This  contract  was,  therefore,  terminated  upon  its 
expiration  date,  June  28,  1968.   Dr.  Barkulis  will  move  from  the  New  York  area 
to  Texas  in  July  1968.   The  new  location  of  the  laboratory  will  not  permit 
continuation  of  these  studies. 

Date  Contract  Initiated:   June  28,  1967 

Current  Annual  Level:   $40,110 
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ALBERT  EINSTEIN  COLLEGE  OF  MEDICINE 

Title;   Preparation  of  Soluble  Purified  H-2  Isoantigens 

Contractor's  Project  Director:   Dr.  Stanley  G.  Nathenson 

Project  Officers:   Dr.  Roger  V.  Ohanesian  and  Mr.  Curtis  D.  Tate 

Objectives :   The  principal  objectives  of  this  contract  are  to:   1)  study 
methods  of  increasing  the  efficiency  of  the  solubilization  process  and  of 
superior  methods  of  purification;  2)  prepare  H-2  isoantigens  of  high  activity 
and  purity;  and,  3)  store  and  distribute  material  produced. 

Methods  Employed:   Utilizing  the  proteolytic  enzyme  papain,  H-2  antigens  will 
be  released  from  the  membranes  of  normal  mouse  spleens  obtained  from  the 
Jackson  Memorial  Laboratories.   The  materials  so  obtained  will  be  assayed  in 
an  inhibition  test  utilizing  cytotoxic  antisera  and  Cr^-'— labeled  normal 
lymph  node  target  cells. 

Maj or  Findings :   This  is  a  new  contract  and  no  progress  has  been  reported  to 
date. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   This  contract  will 
produce  quantities  of  soluble  antigen  preparation  which  will  be  screened  by 
other  investigators  to  determine  immunogenetic  activity.   The  information 
gained  should  lead  to  a  better  understanding  of  the  methods  of  preparation 
of  soluble  antigens  and  the  most  effective  fractions  for  antigen  induction  of 
tolerance. 

Proposed  Course  of  Project;   Continuation  through  June  9,  1969 

Date  Contract  Initiated:   June  10,  1968 

Current  Annual  Level:   $90,973 
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AMERICAN  FOUNDATION  FOR  BIOLOGICAL  RESEARCH  (PH-43-68-619) 

Title;   Short  term  maintenance  of  mammalian  kidneys  by  continuous  pulsatile 
perfusion  in  vitro. 

Contractor's  Project  Director:   Dr.  Theodore  I.  Malinin 

Project  Officer:   Dr.  Donald  E.  Kayhoe  and  Mr.  Curtis  D.  Tate 

Objectives:   The  principal  objectives  of  this  contract  are  to:   1)  develop 
short  term  storage  of  kidneys  for  transplantation;  2)  evaluate  media  currently 
ci'iployed  for  perfusion  of  kidneys;  and,  3)  formulate  an  optimum  media  for 
perfusion  of  Whole  kidneys. 

Methods  Employed:   Utilizing  a  modification  of  the  Lindbergh-Carrel  pulsatile 
perfusion  pump,  rodent  kidneys  are  studied  to  determine  the  optimum  conditions 
to  maintain  normal,  renal  function. 

Major  Findings:   This  is  a  new  contract  and  no  progress  has  been  reported 
to  date. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   A  major  restraint 
to  progress  in  kidney  transplantation  is  the  problem  of  maintaining  donor 
kidneys  at  an  optimum  condition  while  typing  is  being  completed  and  the 
recipient  made  ready  for  the  transplant.   This  contract  provides  a  locale  for 
evaluating  the  requirements  for  pulsatile  perfusion  and  the  most  effective 
perfusing  media. 

Proposed  Course  of  Project:   Continuation  through  February  28,  1969 

Date  of  Contract  Initiated:   March  1,  1968 

Current  Annual  Level:   $39,362 
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BIONETICS  RESEARCH  LABORATORY 

Title:   Establishment  of  a  Primate  Pre-clinical  Test  Center  for  Immune 
Suppression 

Contractor's  Project  Director:   Dr.  Clement  C.  Darrow,  II 

Project  Officers:   Dr.  Donald  E.  Kayhoe  and  Mr.  Curtis  D.  Tate 

Objectives :   The  principal  objectives  of  this  contract  are  to:   1)  provide 
conditioned  primates  to  be  utilized  on  this  project;  2)  provide  suitable 
controlled  environmental  animal  caging  systems  for  protection  from  infection; 
3)  provide  a  protected  environment  to  conduct  surgical  transplantation 
procedures;  and,  4)  provide  immunology,  bacteriology,  hematology,  pathology 
and  biochemistry  laboratory  support  and  the  required  personnel  for  specific 
assays . 

Methods  Employed:   This  contract  will  provide  facilities  for  the  maintenance 
of  primates  in  a  protected  environment  with  the  necessary  laboratories  to 
evaluate  various  regimens  of  immunosuppression. 

Major  Findings:   This  is  a  new  contract  and  no  progress  has  been  made  to  date. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   In  vivo  and  in  vitro 
evaluations  will  be  made  of  the  immunosuppressive  activity  of  antilymphocyte 
and  soluble  antigen  preparations.   This  information  is  needed  to  select  the 
best  available  material  for  clinical  trial  and  to  conform  with  the  regulations 
of  the  Division  of  Biologies  Standards  for  investigational  new  drug  stuaies.  The 
contract  will  provide  for  ±n   vivo  and  in  vitro  studies  of  the  toxicity  and 
efficacy  of  antilymphocyte  and  soluble  antigen  preparations  in  sub-human 
primates . 

Proposed  Course  of  Project:   Continuation  through  June  27,  1969 

Date  Contract  Initiated:   June -28,  1968 
Current  Annual  Level :   $306,036 
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UNIVERSITY  OF  CALIFORNIA  AT  LOS  ANGELES  (PH43-65-994) 

Title:   Evaluation  of  the  Role  of  Leucocyte  Typing  in  Kidney  Transplantation 

Contractor's  Project  Director:   Dr.  Paul  Terasaki 

Project  Officers;   Dr.  Donald  E.  Kayhoe  and  Mr.  Curtis  D.  Tate 

Objectives ;   The  principal  objectives  of  this  contract  are:   1)  to  perform 
prospective  and  retrospective  typing  of  donors  and  recipients  from  numerous 
transplantation  centers;  2)  to  evaluate  all  the  typing  sera  from  the  NIH 
bank  and  transplant  patients;  3)  to  determine  the  antilymphocyte  titer  of 
serum  against  cells  of  kidney  donors;  4)  to  develop  and  Improve  techniques  for 
histocompatibility  testing  and  for  the  storage  and  determination  of  viability 
of  stored  kidneys;  5)  to  evaluate  the  role  of  red  cell  antigens  in  kidney 
transplantation;  6)  to  check  the  consistency  of  typing  results  by  other 
laboratories;  and,  7)  to  obtain  and  deliver  to  the  serum  bank  10  liters  of 
human  typing  serum. 

Methods  Employed:   White  blood  cells  of  donors  and  recipients  from  the  Los 
Angeles  area  and  cells  obtained  through  the  mail  from  a  variety  of  other  centers 
throughout  the  world  are  typed  by  the  cytotoxicity  technique.   The  correlation 
of  typing  results  with  transplantation  successes  are  obtained  by  computer 
analysis.   Sera  from  multiparous  patients  and  kidney  transplant  recipients  are 
screened  for  antibodies  and  high-titer  sera  obtained  by  plasmapheresis  for 
deposit  in  the  bank.   A  chemical  method  for  screening  of  metabolic  activity  of 
stored  organs  is  evaluated. 

Major  Findings:   10  liters  of  typing  serum  have  been  supplied  to  the  bank.   A 
prospective  and  retrospective  program  of  typing  has  been  carried  out  in  Los 
Angeles.   During  the  past  year,  32  Los  Angeles  patients  were  grafted  from 
pretyped  cadaver  donors.   Retrospective  typing  of  kidney  transplants  was  done 
on  150  pairs.   A  large  Los  Angeles  wide  cadaver  sharing  program  has  been 
organized  among  seven  hospitals  to  facilitate  the  acquisition  and  utilization 
of  kidneys.   A  prospective  program  for  the  selection  of  living  donors  for 
transplantation  on  a  worldwide  basis  has  been  carried  on. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   This  contractor 
contributes  materially  to  the  clinical  evaluation  of  the  efficacy  of  cytotoxicity 
technique  in  predicting  graft  acceptance.   This  institution  has  performed  the 
typing  for  more  than  half  of  all  the  kidney  transplantations  in  the  world.   The 
Los  Angeles  Transplantation  Society,  organized  under  this  contract,  provides  a 
model  program  for  the  acquisition,  typing  and  distribution  of  cadaver  tissues 
for  transplantation.   The  quality-control  facilities  and  antisera  provided  by 
this  contractor  contribute  materially  to  the  success  of  the  NIAID  serum  program. 
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Proposed  Course  of  Project:   This  contract  has  been  extended  for  an  additional 
year  with  a  budget  of  $268,688.   During  this  year,  the  contractor  will 
develop  facilities  to  permit  better  distribution  of  kidneys  for  transplantation 
and  to  provide  training  for  competent  immunologists  and  technicians  in 
histocompatibility  typing  techniques. 

Date  Contract  Initiated:.  June  22,  1965 

Current  Annual  Level:   $184,148 
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CASE  WESTERN  RESERVE  UNIVERSITY 

Title:   Preparation  of  50  Liters  of  Rabbit  Anti-human  Lymphocyte  Serum 

Contractor's  Project  Director:   Dr.  Carl  Cohen 

Project  Officers:   Dr.  Roger  V.  Ohanesian  and  Mr.  Curtis  D.  Tate 

Objectives :   The  principal  objectives  of  this  contract  are  to:   1)  immunize 
rabbits  to  produce  50  liters  of  anti-human  antilymphocy te  serum,  and  2) 
store  and  distribute  the  antiserum. 

Methods  Employed;   Facilities  are  established  for  the  conditioning  and  mainten- 
ance of  rabbits  being  used  to  produce  antiserum  against  human  lymphocytes. 
Animals  will  be  immunized  with  material  provided  by  the  government  according 
to  stipulated  regimens  following  the  production  of  antibodies.   The  rabbits  will 
be  sacrificed  and  the  serum  separated.   This  antiserum  will  be  distributed  to 
other  laboratories  for  processing  and  testing. 

Major  Findings :   This  is  a  new  contract  and  production  has  not  yet  been  started 
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Significance  to  NIAID  Program  and  Bio-Medical  Research;   Antilymphocyte  serum 
constitutes  one  of  the  major  means  of  immunosuppression  currently  being  used    u 
in  organ  transplantation.   This  material  is  in  short  supply,  is  poorly         I 
standardized  and  this  facility  will  provide  for  an  opportunity  to  collect 
large  quantities  of  carefully  prepared  material  which  can  then  be  further 
evaluated  by  in  vivo  and  iji  vitro  techniques  prior  to  its  employment  in  clinical 
studies . 


Proposed  Course  of  Project:   Continuation  through  June  4,  1969 
Date  Contract  Initiated.   June  5,  1968 
Current  Annual  Level:   $22,825 
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CLEVELMD  CLINIC  FOUNDATION 

Title:   Establish  a  Human  Tissue  Typing  Laboratory 

Contractor's  Project  Director;   Dr.  Sharad  D.  Deodhar 

Project  Officers:   Dr.  Donald  E.  Kayhoe  and  Mr.  Curtis  D.  Tate 

Objectives :   The  principal  objectives  of  this  contract  are  to:   1)  evaluate 
tissue  typing  techniques  in  a  clinical  setting,  and  2)  match  organ  donor 
and  recipient  tissue  types  in  Cleveland  area  hospitals. 

Methods  Employed:   The  contractor  maintains  a  laboratory  to  test  cytotoxicity 
and  leucoagglutination  histocompatibility  types  of  donors  and  recipients 
and  provides  facilities  for  follow-up  immunologic  studies  in  recipients  of 
organ  transplants.   The  contract  provides  facilities  for  collecting  high- titer 
histocompatibility  typing  serum  which  is  forwarded  to  the  program  banks. 

Major  Findings:   This  is  a  new  contract;  no  progress  has  been  reported  to  date. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   The  Cleveland  Clinic 
is  one  of  the  largest  transplantation  facilities  in  the  country.   This  typing 
evaluation  center  will  provide  for  a  more  rapid  and  efficient  matching  of 
donor  and  recipient  and  a  rapid  evaluation  of  the  efficacy  of  tissue  typing. 

Proposed  Course  of  Project:   Continuation  through  June  9,    1969 

Date  Contract  Initiated:   June  10,  1968 

Current  Annual  Level:   $60,000 
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CORDIS  CORPORATION  (PH43-66-936) 

Title:   Purification  of  Complement  Components  and  Production  of  Anti complement 
Reagents 

Contractor's  Project  Director:   Dr.  Seymour  P.  Halbert 

Project  Officers:   Dr.  Donald  E.  Kayhoe  and  Mr.  Curtis  D.  Tate 

Objectives:   The  principal  objectives  of  this  contract  are  to:   1)  conduct 
studies  leading  to  the  production  of,  and  to  produce  human  complement  components; 

2)  conduct  studies  leading  to  long-term  preservation  of  complement  components; 

3)  conduct  studies  leading  to  the  definition  of  quality  control  parameters       i 
for  the  production  and  storage  of  complement  components;  4)  chromatographical   | 
purification  of  human  sera;  5)  prepare  and  supply  cell  intermediates  utilizing 
available  techniques  and  investigate  new  methods  of  preparation;  6)  standardize 
rabbit  antiserum  to  sheep  erythrocytes;  and,  7)  furnish  sheep  erythrocytes  for 
component  assay  procedures. 

Methods  Employed:   Functionally  active  components  of  human  complement  are 
isolated.   This  material  is  forwarded  to  two  other  laboratories  for  quality 
control  testing  and  certification. 

Major  Findings:   Procedures  have  been  developed  which  are  consistantly  success- 
ful  and  it  is  now  possible  to  produce  large  quantities  of  components  C'l,  C'4, 
C'2,  C'3,  C'8,  C'9,  and  C'll.   The  contractor  is  now  engaged  in  a  program  of 
production  and  packaging  for  distribution. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:  Histocompatibility 
typing  reactions  are  complement  dependent.  Complement  activity  decreases  with 
storage.  The  addition  of  measured  quantities  of  complement  components  may  in- 
crease the  accuracy  of  tests  and  increase  the  sensitivity  without  losing 
specificity.  Ln  vivo  complement  deficiency  may  occur  as  graft  rejection  takes 
place.  Purified  complement  components  will  be  used  to  develop  sensitive  tests 
of  complement  levels  in  patients  who  have  received  transplants. 

Proposed  Course  of  Project:   A  one  year  extension,  costing  $135,500,  has  been 
approved  for  this  contract.   The  project  workscope  has  been  redefined;  during 
the  coming  contract  year  the  contractor  will:   1)  complete  necessary 
chromatographic  purification  studies;  2)  produce  complement  components  accord- 
ing to  a  specific  production  schedule  and  redefine  the  fractionation  process; 
3)  conduct  stabilization  and  preservation  studies  of  human  complement  components; 
and,  4)  prepare  C'4  through  C'7  package  type  reagents. 

Date  Contract  Initiated:   June  21,  1966 

Current  Annual  Level:   $139,000 
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DUKE  UNIVERSITY  MEDICAL  CENTER  (PH43-66-939) 

Title:   Immunological  Investigation  of  Human  Leucocyte  Isoantigen  Preparations 
Obtained  from  Established  Tissue  Culture  Cells 

Contractor's  Project  Director;   Dr.  William  Boyle 

Project  Officers:   Dr.  Roger  V.  Ohanesian  and  Mr.  Curtis  D.  Tate 

Objectives :   The  principal  objectives  of  this  contract  are  to:   1)  produce 
well-defined  membrane  preparations  carrying  leucocyte  isoantigen  (HLA) 
specificities;  2)  determine  the  distribution  of  different  isoantigens  on 
subcellular  membranes  and  to  investigate  methods  for  their  selection 
denaturation;  3)  investigate  methods  of  solubilization  of  antigens  from 
membranes;  and,  4)  characterize  these  antigens  immuno chemically. 

Methods  Employed;   Human  cells  from  tissue  culture  or  spleens  are  fragmented 
and  soluble  cell  membrane  antigen  preparations  obtained  by  the  zonal  centrifuga- 
tion.   Material  obtained. is  studied  to  determine  histocompatibility  activity. 

Major  Findings:   Techniques  have  been  developed  to  produce  good  yields  of 
potent  preparations  of  purified  soluble  HLA  antigen. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;   Soluble  HLA  antigens, 
if  sufficiently  purified  and  characterized,  offer  a  useful  reagent  in  the  study 
of  the  immunology  and  biology  human  transplantation.   This  material  may,  in 
the  future,  be  useful  as  a  means  of  producing  immunological  tolerance,  thereby 
reducing  the  likelihood  of  organ  rejection  in  patients. 

Proposed  Course  of  Project;   The  contract  has  been  extended  until  July  27,  1968 
with  no  additional  funds.   The  contractor  has  submitted  a  renewal  proposal  which 
will  be  reviewed  prior  to  that  date. 

Date  Contract  Initiated;   June  27,  1966 

Current  Annual  Level;   $27,037 
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DUKE  UNIVERSITY  (PH-43-66-928) 

Title:   Characterization  and  development  of  a  soluble  human  tissue  iso- 
antigenic  preparation  from  continuous  heteroploid  cell  lines. 

Contractor's  Project  Director:   Dr.  Richard  Metzgar 

Project  Officers:   Dr.  Donald  E.  Kayhoe  and  Mr.  Curtis  D.  Tate 

Objectives:   The  principal  objective  of  this  contract  was  to  evaluate  the 
immunogenic ity  of  alloantigens  detergent  extracted  from  human  tissue  culture 
cell  lines. 

Methods  Employed :   Detergent  solublized  human  alloantigens  prepared  during  the 
preceding  contract  year  were  tested  in  four  human  volunteers  and  two  newborn 
chimpanzees  to  determine  if  there  was  excelerated  skin  graft  rejection  and  if 
the  antigen  recipients  developed  circulating  antibodies. 

Major  Findings:    Soluble  antigen  sensitized  the  human  volunteers  and  chim- 
panzees studied  and  produced  excelerated  rejection  in  skin  grafts  without  the 
production  of  circulating  antibodies.   These  studies  established  the  fact  that 
human  cell  wall  antigens  from  tissue  culture  may  be  fractionated  and  the  soluble 
fractions  are  immunogenetic. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   This  contract  is  de- 
signed to  produce  stable  antigens  which  can  be  used  to  further  study  the  anti- 
gen antibody  reactions  in  transplantation  and  may  be  used  for  the  abrogation 
of  graft  rejection. 

Proposed  Course  of  Project:   The  studies  proposed  in  the  project  have  been 
completed  and  the  contract  was  terminated  upon  its  expiration  date  June  27,  1968. 

Date  Contract  Initiaced:   June  27,  1966 

Current  Annual  Level:   $31,680 
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DUKE  UNIVERSITY  MEDICAL  CENTER  (PH43-68-658) 

Title;   Mathematical,  Statistical  and  Computer  Analysis  of  Histocompatibility 
Testing  Data 

Contractor's  Project  Director:   Dr.  Max  A.  Woodbury 

Project  Officers:   Dr.  Donald  E.  Kayhoe  and  Mr.  Curtis  D.  Tate 

Objectives :   The  principal  objectives  of  this  contract  are  to:   1)  analyze 
data  furnished  by  designated  investigators;  2)  analyze  data  obtained  from  the 
Third  International  Workshop  and  Conference  on  Histocompatibility  Testing; 
and,  3)  provide  ^n  effective  information  system  for  research  in  transplantation 
compatibility  genetics. 

Methods  Employed:   The  contractor,  utilizing  remote  data  input  to  several 
computers,  with  a  variety  of  his  own  and  other  programs  obtained  from  other 
contractors  analyzes  serological  data  obtained  at  the  Torino  Histocompatibility 
Workshop  to  determine  the  patterns  of  inheritance  of  reaction  to  the  various 
histocompatibility  typing  sera  in  families. 

MaJ or  Findings :   This  is  a  new  contract  and  analysis  is  currently  underway. 
No  progress  has  been  reported  to  date. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   The  Torino  Workshop 
offers  an  opportunity  for  a  number  of  geneticists  to  obtain  immunological 
information  from  a  well-studied  group  of  Italian  families.   These  studies 
require  computer  analysis,  part  of  which  is  being  obtained  under  this  contract. 
The  information  obtained  will  help  identify  the  number  of  loci  of  histo- 
compatibility and  aid  in  the  understanding  of  the  inheritance  of  tissue  antigens. 
The  information  concerning  the  relevant  importance  of  the  various  antigens  will 
facilitate  successful  tissue  typing  for  transplantation. 

Proposed  Course  of  Project:   Continuation  through  January  16,  1969 

Date  Contract  Initiated:   January  17,  1968 

Current  Annual  Level;   $37,172 
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DUKE  UNIVERSITY  MEDICAL  CENTER  (PH43-67-1159) 

Title:   A  Regional  Reference  Tissue  Typing  Center  and  Quality  Control  Laboratory 

Project  Director:   Dr.  Chester  M.  Zmijewski 

Project  Officers:   Dr.  Roger  V.  Ohanesian  and  Mr.  Curtis  D.  Tate 

Objectives :   The  principal  objectives  of  this  contract  are: 

1)  to  determine  the  specificity  and  reactivity  of  all  leucocyte  typing 
sera  submitted  to  the  NIAID  serum  bank; 

2)  to  perform  testing  to  detect  possible  changes  in  specificity  and/or 
reactivity  of  a  certain  sera  collected  on  different  bleeding  dates 
from  the  same  donor; 

3)  to  periodically  check  stored  antisera  to  detect  changes  in  specificity 
and/or  potency; 

4)  to  test  antisera  for  other  antibodies,  such  as  those  directed  against 
red  cell  antigens,  which  could  lead  to  erroneous  results  when  such 
reagents  were  used  for  tissue  typiag; 

5)  to  develop  minimum  standards  to  assist  in  selecting  panels  of  antisera 
for  clinical  use  and  particularly  for  donor  selection  in  homo transplan- 
tation; 

6)  to  maintain  a  reference  leucocyte  panel  to  identify  antibodies  collected 
by  others  and  to  study  and  determine  the  specificity  of  reagents 
deposited  in  the  NIAID  serum  bank, 

7)  to  type  leucocyte  cell  panels  used  for  antibody  identification  in 
other  tissue  typing  centers; 

8)  to  provide  "in-field"  quality  control  checks  on  reagents  which  have 
been  withdrawn  from  the  NIAID  serum  bank; 

9)  to  provide  consultation  services  for  clinical  transplant  teams  engaged 
in  tissue  typing  employing  reagents  from  the  NIAID  serum  bank; 

10)  to  obtain  and  maintain  red  cell  and  white  cell  data  of  uniform  quality 
for  the  kidney  registry;  and, 

11)  to  provide  an  environment  where  various  investigators  may  gain  addi- 
tional experience  in  leucocyte  grouping  problem  areas  and  to  learn 
new  or  supplementary  techniques  and  modifications  as  improvements  are 
devised. 
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Methods  Employed:   This  tissue  typing  facility  performs  cytotoxicity, 
Teucoagglutination  and  lymphocyte  transformation  testing.   A  leucocyte  and  red 
blood  cell  reference  panel  is  maintained  to  screen  sera  for  antibodies.   All 
new  sera  are  checked  in  quality  control  studies. 

Major  Findings:   187  sera  from  the  bank  were  tested  for  quality  potency  and 
specificity.   Leucocyte  test  cell  panels  have  been  typed,  and  the  contractor 
has  provided  services  to  other  laboratories.   Nine  immunologists  have  been 
trained  in  tissue  typing  techniques;  a  survey  of  serum  users  was  .conducted 
to  determine  the  utility  of  NIAID  typing  serum. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   The  quality  control 
laboratory  was  established  to  further  test  the  potency,  stability  and  specific- 
ity of  NIAID  serum.   This  laboratory  provides  a  collecting  point  for  new 
information  obtained  from  other  investigators  on  serum  which  is  being 
distributed  which  is  used  to  update  the  catalog  of  histocompatibility  reagents. 

Proposed  Course  of  Project:   A  one  year  extension  costing  $121,046  has  been 
approved  for  this  contract.   The  contractor  further  proposes  to  conduct  an 
intensive  10-day  training  course  in  advanced  tissue  typing  techniques  for 
investigators  and  their  technicians  who  are  already  working  in  the  field  of 
tissue  typing,  to  provide  2  to  12  month  periods  of  basic  training  in  histo- 
compatibility typing  techniques  for  selected  investigators  and  technicians; 
and  to  12)  investigate  various  methods  of  serum  processing,  advising  the 
Transplantation  Immunology  Branch  of  procedures  that  will  yield  a  more 
stable  and  usable  product. 

Date  Contract  Initiated:   June  22,  1967 

Current  Annual  Level :   $73,355 
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HYLAND  DIVISION,  TRAVENOL  LABORATORIES,  INC.  (PH4 3-65-632) 

Title:   Research  and  Development  in  the  Field  of  Leucocyte  Typing 

Contractor's  Project  Director;   Dr.  Edward  Shanbrom 

Project  Officers;   Dr.  Donald  E.  Kayhoe  and  Mr.  Curtis  D.  Tate 

Objectives ;   The  principal  objectives  of  this  contract  are;   1)  production 
of  monospecific  antisera;  2)  collection,  storage,  processing  and  characteriza- 
tion of  leucocyte-reactive  sera;  3)  development  of  bulk  tissue  culture 
techniques  for  the  production  of  fibroblasts  to  be  used  for  selective  absorption 
of  multiple  specific  antisera;  4)  establish  a  well-characterized  panel  of 
frozen  human  lymphocytes  and  human  fibroblasts;  and  5)  to  develop  a  latex 
leucoagglutinin  test. 

Methods  Employed:   Serum  is  obtained  by  plasmapheresis  of  selectively  immunized 
volunteers  and  is  then  checked  for  specificity  by  leucoagglutination  and 
cytotoxicity  tests.   Skin  fibroblasts  are  grown  in  tissue  culture  and  checked 
for  antigen  activity.   The  contractor  provides  a  storage,  packaging  and 
distribution  facility  for  antisera. 

Major  Findings:   This  production  and  distribution  facility  has  produced 
quantities  of  polyspecific  and  monospecific  serum  for  the  program  during  the 
past  year.   Histocompatibility  characterized  fibroblasts  were  obtained  and 
made  available  to  other  investigators. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;   The  antigens  and 
antisera  produced,  stored,  and  distributed  under  this  contract  are  used  by 
other  contractors  for  histocompatibility  studies. 

Proposed  Course  of  Project:   With  the  establishment  of  a  central  repository 
for  serum  and  the  increase  in  the  quantities  of  serum  obtained  from  other 
sources,  the  need  for  this  facility  no  longer  exists.   The  contract  was,  there- 
fore, termined  upon  its  expiration  June  29,  1968. 

Date  Contract  Initiated:   June  29,  1965 

Current  Annual  Level:   $170,500 
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HYLAMD  DIVISION,  TRAVENOL  LABS.,  INC.  (PH-43-67-686) 

Title:   Isolation  of  the  Third  (C'3)  and  Fourth  (C'4)  Components  of  Complement 
from  Human  Serum. 

Contractor's  Project  Directors:   Dr.  Edward  Shanbrom  and  Dr.  Martha  Hainski 

Project  Officers:   Dr.  Donald  E.  Kayhoe  and  Mr.  Curtis  D.  Tate 

Objectives :   The  principal  objectives  of  this  contract  are:   1)  to  prepare 
serum  proteins  (complement  C'3  and  C'4)  deemed  adequate  by  the  project  officer, 
and  which  shall  be  at  least  95%  pure  and  suitable  for  both  clinical  and  chemical 
studies;  2)  to  provide  these  complement  components  in  radioactively  labeled 
form;  and,  3)  to  develop  new  methods  to  isolate,  stabilize  and  retain  the  ac- 
tivity of  these  complement  components. 

Methods  Employed :   Using  freshly  drawn  human  blood  and  Cohn  fraction  III  as 
starting  material,  complement  components  C'3  and  C'4  are  isolated  and  purified 
by  physical  chemical  methods.   Production  methods  are  being  developed  from 
existing  techniques  to  increase  the  yield  and  purity  of  the  two  fractions. 

Major  Findings:   The  third  (C'3)  and  fourth  (C'4)  components  of  human  complement 
have  been  isolated  from  fresh  pools  of  human  serum  utilizing  a  combination  of 
column  chromatography  and  preparative  zone  electrophoresis.   Eleven  preparation 
of  C'3  have  been  completed  and  at  least  three  of  these  are  immunochemically 
homogeneous.   Similar  results  have  been  demonstrated  with  the  preparation  of 
C'4.   Large  scale  and  simplified  methodology  production  runs  are  in  progress. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   A  number  of  immuno- 
logical techniques  for  study  of  the  histocompatibility  antigens  are  complement 
dependant.   Further  elucidation  of  the  role  of  the  complement  components  and 
their  inhibitors  in  these  reactions  could  lead  to  increased  sensitivity  and 
specificity  of  present  typing  procedures.   Purified  components  of  C'3  and  C'4 
can  be  used  as  antigens  to  immunize  animals  for  the  production  of  specific 
complement  antisera.   This  material  with  radioactive  or  fluorescent  tags  will 
be  used  to  determine  the  sites  of  action  of  complement  dependant  rejection. 
Highly  active  purified  protein  components  of  complement  are  needed  to  produce 
these  antisera. 

Proposed  Course  of  Project:   This  contract  has  been  extended  for  four  additional 
months,  at  a  cost  of  $31,333,  to  produce  180  mg  of  C'3  and  75  mg  of  C'4 
by  August  26,  1968. 

Date  Contract  Initiated:   March  27,  1967. 

Current  Annual  Level :   $65,645 
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IRWIN  MEMORIAL  BLOOD  BANK  (PH43-68-945) 

Title:   Regional  Leucocyte  Typing  Facility  in  a  Community  Blood  Bank 

Contractor's  Project  Director:   Dr.  Herbert  A.  Perkins 

Project  Officers:   Dr.  Donald  E.  Kayhoe  and  Mr.  Curtis  D.  Tate 

Objectives :   The  principal  objectives  of  this  contract  are  to:   1)  establish 
a  community  blood  bank  facility  for  prospective  and  retrospective'  histo- 
compatibility matching  for  transplantation,  and  2)  provide  personnel  and 
equipment  for  satellite  laboratories  at  the  University  of  California,  San 
Francisco  and  Stanford  University. 

Methods  Employed:   Cytotoxic  leucoagglutination  techniques  are  provided  for 
the  typing  of  donors  and  recipients  for  transplantation.   Two  satellite 
facilities  are  established  for  collection  of  preliminary  processing  of  blood 
for  typing. 

Major  Findings:   This  is  a  new  contract;  no  progress  has  been  reported  to  date. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;   This  contract  provides 
facilities  for  the  clinical  evaluation  of  the  efficacy  of  histocompatibility 
typing  in  an  area  where  there  are  very  active  kidney  and  heart  transplantation 
programs . 

Proposed  Course  of  Project:   Continuation  through  March  26,  1969 

Date  Contract  Initiated:   March  27,  1968 

Current  Annual  Level:   $90,570 


JOHNS  UOPKIIJS  UUIVERSirZ  (Pa43-S6-924) 

Title:   Factors  related  to  survival  and  function  of  bone  marrow  transplants 
in  rats. 

Contractor's  Project  Director:   Dr.  George  W.  Santos 

Project  Officer:   Dr.  Donald  E.  Kayhoe  and  Mr.  Curtis  D.  Tate 

Objectives :   The  principal  objectives  of  this  contract  are:   1)  histocom- 
patibility antigens  in  different  strains  of  rats;  2)  to  determine  the  effect 
of  immuno  and  myelosuppressive  preparation  of  prospective  recipients;  3) 
to  study  the  adjuvant  effect  of  tissue  antigens;  and,  4)  to  study  the  effect 
of  bone  marrow  grafting  on  recipients. 

Methods  Employed :   Immunochemical  techniques  are  used  to  measure  antigens  and 
antibodies  in  various  strains  of  immunized  animals  that  are  then  treated 
with  immunosuppressive  drugs. 

Major  Findings:   Histocompatibility  relationships  between  several  rat  strains 
have  been  investigated  and  the  immunosuppressive  effects  of  Cytoxan  and 
busulfan  have  been  defined.   These  drugs  have  been  found  useful  in  producing 
long-term  survival  of  transplanted  bone  marrow  in  rodents. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   This  contract  using 
the  rodent  model,  makes  it  possible  to  evaluate  the  immunosuppressive  activity 
of  a  number  of  drugs  and  their  potential  for  use  in  human  bone  marrow 
transplantation. 

Proposed  Course  of  Project;  A  one  year  extension,  costing  $31,020,  has  been 

approved  for  this  contract.  Emphasis  will  be  placed  on  clinical  evaluation 

of  immunosuppressive  drugs.  The  contractor  will  also:  5)  establish  a  clinical 
tissue  typing  facility. 

Date  Contract  Initiated:   June  29,  1966 

Current  Annual  Level;   $25,134 
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JACKSON  LABORATORY  (PH-43-66-483) 

Title:   Production  of  Monospecific  H-2  Antisera. 

Contractor's  Project  Director:   Dr.  George  D.  Snell 

Project  Officers:   Dr.  Roger  V.  Ohanesian  and  Mr.  Curtis  D.  Tate 

Objectives :   The  principal  objectives  of  this  contract  are  the  production, 
packaging,  storage,  and  distribution  of  standardized,  monospecific  H-2  mouse 
alloantisera  and  to  provide  quality  control  data,  inventory  control  and  complete 
information  on  the  characteristics  of  these  sera. 

Methods  Employed :   The  specific  antisera  is  obtained  by  bleeding  specially 
bred  strains  of  genetically  identified  mice. 

Major  Findings:   The  production  phase  of  H-2  antisera  has  been  completed  and  a 
total  of  5,390cc  of  monospecific  antisera  identifying  26  different  antigen 
specificities  on  the  H-2  locus  is  available.   This  material  is  in  storage  and 
will  be  distributed  to  investigators. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   The  serum  obtained 
under  this  contract  will  permit  further  genetic  studies  in  the  histocompatibility 
loci  and  a  further  evaluation  of  typing  techniques  in  transplantation  in  ex- 
perimental animals. 

Proposed  Course  of  Project:   A  one  year  extension,  costing  $36,506,  has  been 

approved  for  this  contract.   The  contractor  has  further  proposed  to  : 

provide  a  specified  quantity  of  mouse  spleens  for  the  preparation  of  H-2  antigen. 

Date  Contract  Initiated;   June  1,  1966 

Current  Annual  Level :   $41,088  (extended  from  6-1-67  through  5-31-68  without 
Additional  funds. 
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KUAKINI  MEDICAL  RESEARCH  INSTITUTE  (PH-43-66-923) 

Title:   Leucocyte  typing  in  Hawaii 

Contractor's  Project  Director:   Dr.  Mitsuo  Yokoyama 

Project  Officers:   Dr.  Donald  E.  Kayhoe  and  Mr.  Curtis  D.  Tate 

Objectives:  The  principal  objectives  of  this  contract  are:  1)  conduct 
immunogenic  studies  of  the  multiracial  population  in  Hawaii;  2)  produce 
human  leucocyte  antisera  in  quality,  quantity  and  type  requested  by  the 
project  officer. 

Methods  Employed:   Multiparous  patients  of  various  races  and  ethnic  groups 
are  screened  for  histocompatibility  antibodies.   Persons  found  to  have  a  high 
titer  are  plasmapheresed,  and  the  serum  obtained  is  deposited  in  the  Program's 
serum  bank. 

Major  Findings:   The  sera  of  approximately  2,500  patients  of  mixed  ethnic 
extraction  have  been  screened  by  cytotoxicity  testing  and  approximately 
4,600  cc's  of  high  titer  material  deposited  in  the  serum  bank. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   The  multi-racial 
Hawaiian  population  offers  an  opportunity  to  search  for  rare  antisera.   This 
serum  may  have  particular  value  in  the  program  of  human  tissue  typing. 

Proposed  Course  of  Project:   This  contract  has  been  extended  for  an  addition- 
al year  with  a  proposed  budget  of  $24,345.   During  this  year  the  contractor 
will  establish  a  system  for  the  frozen  preservation  of  a  Ijmiphocyte  panel. 

Date  Contract  Initiated:   June  30,  1966 

Current  Annual  Level:   $21,987 
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DR.  KARL  LANDSTEINER  FOUNDATION  (PH-43-65-993) 

Title:   Development  and  production  of  monospecific  leucocyte  antisera 

Contractor's  Project  Director:   Dr.  J.  J.  van  Loghem 

Project  Officers;   Dr.  Donald  E.  Kayhoe  and  Mr.  James  E.  Moynihan 

Objectives;   The  principal  objectives  of  this  program  are:  1)  .to  produce 
human  antisera;  2)  to  demonstrate  differences  between  anti-lymphocyte  anti- 
bodies, anti-granulocyte  antibodies  and  antibodies  against  antigens  common 
to  both  types;  3)  to  demonstrate  leucocyte  antigens  on  skin;  4)  to  develop 
methods  of  preservation  of  lymphocyte  materials  to  determine  minimal  loss  of 
viability;  and,  5)  to  provide  facilities  for  storage  and  distribution  of  leu- 
cocyte antisera. 

Methods  Employed:   Leucoagglutination  and  cytotoxic  techniques  are  used  to 
screen  multiparous  patients  for  histocompatibility  antibodies.   Serum  from 
high  titer  patients  was  obtained  by  plasmapheresis.   Comparison  was  made  of 
the  efficacy  of  histocompatibility  typing  techniques.   Human  fibroblasts  ob- 
tained from  biopsy  of  volunteers  propagated  in  tissue  culture  and  comparison 
made  with  these  antigens  and  those  found  in  the  white  cells  of  the  donors. 
The  efficacy  of  freezing  is  a  means  of  preserving  antisera  and  lymphocytes 
is  studied. 

Major  Findings:   Over  5,000  ml  of  antiserum  were  obtained.   Fibroblasts  stored 
by  freezing  retained  all  of  the  histocompatibility  antigens  found  in  the  donor 
white  cells  and  techniques  were  developed  to  provide  maximum  survival  of 
frozen  lymphocytes. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   Studies  under  this 
contract  provided  much  needed  information  on  the  storage  qualities  of  anti- 
gens and  antisera.   The  antiserum  obtained  under  the  contract  is  high  quality 
and  it  would  be  difficult  to  obtain  from  other  sources.   The  serum  bank 
maintained  by  the  contractor  serves  as  a  European  distribution  point. 

Proposed  Course  of  Project;   This  contract  has  been  extended  for  an  addition- 
al year  with  a  budget  of  $40,000  a  year.   Emphasis  will  be  placed  on  the 
screening  program  with  the  production  of  at  least  10  liters  of  good  quality 
histocompatibility  typing  serum. 

Date  Contract  Initiated:   June  28,  1965 

Current  Annual  Level:   $59,440 
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UNIVERSITY  OF  LEIDEN  (PH-43-65-992) 

Title:    Leucocyte  groups  and  their  clinical  importance 

Contractor's  Project  Director:   Dr.  Jon  J.  van  Rood 

Project  Officers:   Dr.  Donald  E.  Kayhoe  and  Mr.  James  E.  Moynihan 

Objectives:   The  principal  objectives  of  this  contract  are  to:   1)  study 
immunization  procedures  and  produce  monospecific  leucoagglutinating  sera; 
2)  develop  knowledge  concerning  new  and  existing  leucocyte  groups,  purify 
leucocyte  group  antigens  and  to  assess  their  importance  in  organ  transplan- 
tation; and,  3)  develop  methods  for  histocompatibility  typing. 

Methods  Employed:   Multiparous  patients  are  screened  for  antibodies  and  serum 
obtained  by  plasmapheresis  from  patients  with  high  titers.  Existing 
techniques  for  tissue  typing  are  compared  and  improved.   Typing  facilities 
are  provided  for  other  transplantation  groups. 

Major  Findings:   The  sera  have  been  screened  and  approximately  five  liters 
of  high-quality  typing  serum  obtained  for  the  program.   A  study  of  the  histo- 
compatibility data  on  a  group  of  transplant  patients  is  underway.   Fraction- 
ation studies  to  produce  soluble,  human  antigens  obtained  from  placentas 
and  spleens  have  given  preliminary  results  which  are  promising.   The  panels 
of  eight  other  investigators  have  been  typed  during  the  past  year. 

Significance  to  ^lAID  Program  and  Bio-Medical  Research:  This  contract 
provides  large  quantities  of  excellent  histocompatibility  typing  serum 
which  is  not  available  from  other  sources.  The  panel  used  by  this  in- 
vestigator is  one  of  the  best  studied  in  the  world. 

Proposed  Course  of  Project:   This  contract  has  been  extended  for  one  year 
with  a  budget  of  $40,000  during  the  next  year.   Emphasis  will  be  placed  on 
the  screening  program  and  the  acquisition  of  at  least  10  liters  of  high- 
quality,  typing  serum  which  is  urgently  needed  by  the  serum  program. 

Date  Contract  Initiated:   June  24,  1965 

Current  Annual  Level:   $49,230 
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MASSACHUSETTS  GENERAL  HOSPITAL  (PH43-67-1348) 

Title:   Histocompatibility  Testing  in  Man 

Contractor's  Project  Director:   Dr.  Henry  J.  Winn 

Project  Officers :   Dr.  Donald  E.  Kayhoe  and  Mr.  James  E.  Moynihan 

Objectives :   The  principal  objectives  of  this  contract  are:   1)  to  investigate 
the  relationship  between  serological  tests  using  leucocytes  and  the  mixed 
lymphocyte  culture  techniques;  and  to  evaluate  both  procedures  in  the  selection 
of  donors  for  renal  transplantation;  2)  to  study  the  isoantibodies  which  develop 
in  the  recipients  of  renal  allografts;  3)  to  collect  and  characterize  isoantisera 
from  multigravid  women,  multitransfused  individuals  and  healthy  individuals 
having  previously  been  immunized  by  skin  grafts  and  intradermal  injections  of 
leucocytes;  and,  4)  to  develop  sensitive  techniques  for  detecting  antileucocyte 
antibodies  of  narrow  specificity:   a)  studying  specificity  through  the  use  of 
absorption  techniques  and  b)  to  permit  detection  of  "weak"  sera  in  individuals 
of  the  types  listed  under  "3"  and  in  transplant  patients. 

Methods  Employed:   Chronic  dialysis  patients  and  prospective  donors  are  tissue 
typed  using  cytotoxicity  and  mixed  leucocyte  culture  techniques.   Sera  from 
multiparous  patients  and  patients  who  have  rejected  kidney  transplants  are 
screened  for  antibodies.   Serum  is  obtained  by  plasmapheresis  from  selected 
donors  and  deposited  in  the  serum  bank. 

I4ajor  Findings:   This  is  the  first  year  for  this  contract;  the  laboratory  has 
been  established  and  is  in  operation.   To  date  no  histocompatibility  typing 
serum  has  been  obtained.   A  large  number  of  sera  is  in  the  process  of  being 
screened  and  evaluated. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   The  establishment  of 
this  tissue  typing  evaluation  laboratory  and  serum  procurement  facility  in  the 
greater  Boston  area  where  a  large  number  of  transplants  are  being  done  will 
provide  a  facility  to  evaluate  the  efficacy  of  typing  and  to  obtain  good  quality 
histocompatibility  typing  reagents  for  distribution  to  other  investigators. 

Proposed  Course  of  Project:   A  one  year  extension  costing  $86,161  has  been 
approved  for  this  contract.   The  contractor  further  proposes  to:   5)  test  and 
characterize  all  antisera  and  eluates  containing  antibodies  and  6)  provide  2 
to  12  month  periods  of  training  in  histocompatibility  typing  techniques  for 
selected  investigators  and  technicians. 

Date  Contract  Initiated:   June  7,  1967 

Current  Annual  Level:   $47,648 
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MCGILL  UNIVERSITY  (PH43-66-527) 

Title;   Preparation  and  Use  of  Blastogenic  Material  for  Unidirectional  Tissue 
Matching 

Contractor's  Project  Director:   Dr.  Bram  Rose 

Project  Officers:   Dr.  Donald  E.  Kay hoe  and  Mr.  James  E.  Moynihan 

Objectives :   The  principal  objectives  of  this  contract  are  to  develop  and 
produce:   1)  a  purified  and  fully  characterized  biologically  active  mitogenic 
material  (histocompatibility  antigen);  and,  2)  preserved  irradiated  leucocytes, 
or  their  equivalent,  to  be  used  in  unidirectional  in  vitro  tissue  matching. 

Methods  Employed:   Blastogenically  active  material  was  isolated  and  tested  by 
reaction  with  mixed  populations  of  leucocytes,  one  population  rendered 
unidirectional  by  the  use  of  irradiation. 

Major  Findings:   The  optimum  irradiation  needed  to  produce  unidirectional 
quantitation  has  been  determined  and  methods  developed  for  the  separation  of 
blastogenic  material.   One  active  component  is  a  protein  free  material  the 
other  contains  an  alpha-2  macroglobulin. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   These  studies  and 
improved  techniques  may  lead  to  a  further  understanding  of  the  antigen- 
antibody  reactions  occurring  in  transplantation.   Purified  blastogenic 
material  may  prove  useful  in  the  development  of  more  rapid  and  accurate  means 
for  histocompatibility  typing. 

Proposed  Course  of  Project:   The  work  originally  planned  in  this  project  has 
been  completed.   The  contract  has  been  extended  for  a  final  three  month  period 
at  a  cost  of  $15,264  to  permit  an  orderly  phasing  out  and  the  preparation  of  a 
final  report.   The  contract  will  terminate,  July  25,  1968. 

Date  Contract  Initiated:   April  25,  1966 

Current  Annual  Level:   $60,000 
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MEDICAL  COLLEGE  OF  VIRGINIA  (PH43-63-659) 

Title:   The  Procurement  and  Characterization  of  Post  Transplant  Nephrectomy 
Sera 

Contractor's  Project  Director:   Dr.  G.  M.  Williams 

Project  Officers:   Dr.  Donald  E.  Kayhoe  and  Mr.  Curtis  D.  Tate 

Objectives :   The  principal  objectives  of  this  contract  are  to:   1)  determine 
if  current  methods  of  leucocyte  group  matching  are  of  value  in  the  selection 
of  recipients  for  cadaver  renal  transplants;  2)  determine  qualitative  or 
quantitative  differences  in  antigenic  renal  parenchymal  cells  and  leucocytes; 
and,  3)  determine  what  antibodies  are  present  in  sera  of  renal  transplant 
recipients  following  rejection. 

Methods  Employed:   An  immunology  laboratory  is  established  to  conduct  a  leucocyte 
agglutination  and  cytotoxicity  tests  on  the  sera  and  cells  of  donors  and 
recipients  of  organ  transplants.   Serum  from  patients  who  have  rejected  kidney 
transplants  are  screened  for  antibodies  and  quantities  of  serum  obtained  from 
patients  with  high  titers  for  deposit  in  the  serum  bank. 

Major  Findings:   This  is  a  new  program;  no  progress  has  been  reported  to  date. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   This  contract  provides 
laboratory  facilities  at  the  Medical  College  of  Virginia  where  there  is  a 
very  active  renal  transplantation  program.   The  data  obtained  from  these  studies 
will  be  useful  in  evaluating  the  efficacy  of  histocompatibility  matching  serum 
in  tissues  obtained  from  transplant  recipients  and  will  be  provided  to  other 
contractors  for  immunological  studies. 

Proposed  Course  of  Project;   Continuation  through  January  14,  1968 

Date  Contract  Initiated:   January  15,  1968 

Current  Annual  Level:   $35,346 
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MICHAEL  REESE  RESEARCH  FOUNDATION  (PH43-66-482) 

Title:   Developmental  Program  for  the  Obtaining  of  Group  Specific  Leucocyte 
Typing  Sera  from  Multiparous  Women 

Contractor's  Project  Director:   Dr.  Harold  S.  Goodman 

Project  Officers:   Dr.  Donald  E.  Kayhoe  and  Mr.  James  E.  Moynihan 

Objectives :   The  principal  objectives  of  this  contract  are  to:   1)  procure 
serum  samples  from  approximately  5,000  multiparous  women;  2)  screen  sera  for 
leucocyte  antibodies  against  a  cell  panel;  and,  3)  produce  quantities  of 
antisera  of  suitable  specificity. 

Methods  Employed:   Grandmultiparous  patients  are  bled  and  their  sera  checked 
against  a  panel  of  white  cells  to  determine  the  presence  of  leucocyte  antibodies. 
Those  sera  showing  activity  are  then  sent  to  another  laboratory  for  further 
study.   Sera  containing  high  titers  of  monospecific  antibody  activity  are 
then  obtained  by  plasmapheresis  from  selected  patients  and  deposited  in  the 
bank. 

Major  Findings:   Over  1,500  maternal  sera  were  screened  for  cytotoxic  activity. 
The  incidence  and  specificity  of  lymphocytotoxic  antibodies  with  increasing 
numbers  of  pregnancies  was  determined.   A  very  small  quantity  of  histo- 
compatibility typing  serum  was  obtained  by  plasmapheresis  and  deposited  in 
the  serum  bank. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   This  contract  was 
originally  intended  to  produce  large  quantities  of  histocompatibility  typing 
serum.   The  data  obtained  concerning  the  changes  in  antibodies  during 
pregnancy  is  notable. 

Proposed  Course  of  Project:   Because  of  the  inability  of  the  contractor  to 
produce  significant  quantities  of  good-quality  serum,  the  contract  was 
terminated  upon  its  expiration  date  February  29,  1968. 

Date  Contract  Initiated:   March  30,  1966 

Funding  Level:   Prior  to  the  termination  of  this  contract,  the  project  was 
extended  from  May  1,  1967  through  February  29,  1968  at  a  cost  of  $14,530 
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UNIVERSITY  OF  MINNESOTA  (PH43-68-99) 

Title :  Preservation  of  Whole  Organs  In  Vitro  at  Subzero  Temperatures 

Contractor's  Project  Directors:   Dr.  Richard  C.  Lillehei  and  Dr.  Edmund  F.  Graham 

Project  Officers:   Dr.  Donald  E.  Kayhoe  and  Mr.  Curtis  D.  Tate 

Objectives :   The  principal  objectives  of  this  contract  are  to:   1)  develop 
methods  of  resuscitation  of  kidneys  after  freezing  at  subzero  temperatures  and 
2)  develop  methods  of  assessing  cellular  and  organ  damage  in  kidneys  after 
subjection  of  materials  to  low  temperatures. 

Methods  Employed:   Methods  of  cryopreservation  with  cryoprotective  agents  and 
hyperbaric  pressures  for  organ  storage  are  being  evaluated.   The  efficacy  of 
procedures  is  verified  by  biochemical  tests  and  transplantation. 

Major  Findings:   This  is  a  new  contract.   The  effect  of  freezing  under  high 
pressure  on  the  viability  of  sheep  kidneys  is  being  studied. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   A  shortage  of  organs 
and  problems  in  distribution  seriously  limits  the  numbers  of  transplants. 
Tissues  must  be  maintained  viable  while  patients  are  typed  and  recipients 
prepared  for  surgery.   Long-term  cryopreservation  will  make  it  possible  to 
perform  more  transplants  witn  better  results. 

Proposed  Course  of  Project:   Continuation  through  December  28,  1968. 

Date  Contract  Initiated:   December  29,  1967 

Current  Annual  Level:   $64,300 
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UNIVERSITY  OF  MINNESOTA 

Title:   Establish  a  Tissue  Typing  Center  at  the  University  of  Minnesota 

Contractor's  Project  Director:   Dr.  John  S.  Najarian 

Project  Officers:   Dr.  Donald  E.  Kayhoe  and  Mr.  Curtis  D.  Tate 

Objectives :   The  principal  objectives  of  this  contract  are  to:   1)  characterize 
the  histocompatibility  differences  between  organ  donors  and  recipients  for 
transplantation;  2)  evaluate  tissue  typing  techniques  in  a  clinical  setting; 
3)  utilize  established  typing  techniques  to  select  organ  donors  and  to 
retrospectively  'type  previously  transplanted  patients;  and,  4)  characterize 
the  nature  of  leucocyte  platelet  antigenicity  in  patients  receiving  either 
frozen  or  whole  blood  during  hemodialysis. 

Methods  Employed:   Immunology  laboratory  facilities  are  established  to  study 
the  cytotoxicity,  leucoagglutination,  lymphocyte  blast  transformation  and 
leucocyte  platelet  antibody  reactions  of  organ  donors  and  recipients  in  human 
transplantation.   An  evaluation  is  made  of  the  utility  of  these  procedures  in 
predicting  graft  survival. 

Major  Findings;   This  is  a  new  contract;  no  progress  has  been  reported  to  date. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   This  is  one  of  the 
larger  transplant  centers  in  the  United  States.   Multiple  organs  are  being 
considered  for  transplantation.   This  facility  will  permit  the  rapid 
acquisition  of  data  needed  to  evaluate  the  efficacy  of  tissue  matching  in  a 
variety  of  organ  transplants. 

Proposed  Course  of  Project:   Continuation  through  May  31,  1969 

Date  Contract  Initiated:   June  1,  1968 

Current  Annual  Level:   $55,986 
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THE  NEW  YORK  BLOOD  CENTER  (PH-43-67-1335) 

Title:   Histocompatibility  Testing  on  Donors  and  Recipients  of  Organ  Grafts 
and  Procurement  of  30  Liters  of  Antileucocyte  serum. 

Contractor's  Project  Director:   Dr.  Fred  H.  Allen,  Jr. 

Project  Officers:   Dr.  Donald  E.  Kayhoe  and  Mr.  Curtis  D.  Tate 

Objectives:   The  principal  objectives  of  this  contract  are:  1)  to  conduct 
donor  and  recipient  leucocyte  typing  prior  to  organ  transplantation  to  deter- 
mine whether  this  typing  is  useful  in  selecting  organ  donors;  and,  2)  collect 
and  deliver  30  liters  of  sera  from  10,000  pregnant  multiparous  patients. 

Methods  Employed:   Utilizing  the  leucoagglutination  lymphocytotoxicity  tech- 
niques, histocompatibility  typing  is  done  on  the  cells  of  dialysis  patients 
and  prospective  kidney  donors.   Information  concerning  tissue  matching  is 
provided  to  transplantation  surgeons.   In  addition,  the  serum  of  multiparous 
patients  in  the  New  York  area  is  screened  against  a  leucocyte  panel.   High 
titer  of  monospecific  sera  is  obtained  by  plasmapheresis  and  provided  to  the 
program  bank. 

Major  Findings:   During  the  first  seven  months  of  this  contract  over  1,400 
sera  were  screened  for  antibodies.   Fifteen  leucopheresis  were  obtained, 
totaling  4,020  ml  of  histocompatibility  typing  serum.   Twenty-five  chronic 
dialysis  patients  have  been  typed  and  prospective  or  retrospective  matching 
done  with  22  possible  kidney  donors. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;   During  the  first  year 
of  this  contract,  a  working  relationship  has  been  established  between  dialysis 
and  transplantation  facilities  to  provide  a  typing  evaluation  service.   Inform- 
ation obtained  from  the  tissue  matchings  and  the  follow-up  of  transplant  re- 
cipients will  aid  in  the  evaluation  of  the  efficacy  of  the  two  typing  techniques 
being  studied.   The  serum  collection  program  is  producing  quantities  of  research 
reagents  which  can  be  utilized  by  other  investigators  in  clinical  histocom- 
patibility typing. 

Proposed  Course  of  Project;   A  one  year  extension,  costing  $63,861,  has  been 
approved  for  this  contract.   The  contractor  has  further  proposed  to:  3)  provide 
2  to  12  month  periods  of  training  in  histocompatibility  typing  techniques  for 
selected  investigators  and  technicians. 

Date  Contract  Initiated:   June  29,  1967. 

Current  Annual  Level :   $43,355 
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NEW  YORK  UNIVERSITY  (PH43-65-638) 

Title:   Preparation  of  Human  Transplantation  Antigens  from  Blood  Leucocytes 

Contractor's  Project  Director:   Dr.  Felix  Rapaport 

Project  Officers:   Dr.  Donald  E.  Kayhoe  and  Mr.  James  E.  Moynihan 

Objectives ;  The  principal  objective  of  this  contract  is  to  determine  by 
in  vivo  and  ^  vitro  tests  the  activity  of  antigens  in  the  production  of 
histocompatibility  antibodies. 

Methods  Employed:   Antigens  from  a  variety  of  sources  are  administered 
intradermally  to  volunteers  to  determine  their  efficacy  in  invoking  a  skin 
graft  rejection  response  or  the  production  of  specific  antibodies.   In  addition, 
in  vitro  studies  of  the  reactivity  of  the  above  antigens  with  selected  anti- 
sera  are  carried  on. 

Major  Findings;   Human  blood  group  A  and  B  antigens,  and  a  number  of  antigen 
fractions  obtained  from  human  white  cells,  produce  specific  antibodies  and 
accelerated  rejection  of  skin  graft  in  volunteers. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   These  human 
volunteers  studies  aid  in  the  determination  of  the  role  of  specific  antigens 
in  homograft  rejection. 

Proposed  Course  of  Project:   Contiiiuation  through  May  23,  1969 

Date  Contract  Initiated;   March  24,  1965 

Current  Annual  Level;   $26,187 
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NEW  YORK  UNIVERSITY  MEDICAL  CENTER  (PH-43-67-1335) 

Title:   The  role  of  leucocyte  group  compatibility  in  human  kidney  trans- 
plantation. 

Contractor's  Project  Director;   Felix  T.  Rapaport 

Project  Officers:   Dr.  Donald  E.  Kayhoe  and  Mr.  Curtis  D.  Tate 

Objectives:  The  principal  objectives  of  this  contract  are  to:  1)  conduct 
histocompatibility  typing  for  cadaver  donor  kidney  transplants;  2)  collect 
data  to  establish  the  relative  importance  of  various  leacocyte  antigens  in 
transplantation. 

Methods  Employed:   The  histocompatibility  laboratory  has  been  established  to 
conduct  prospective  and  retrospective  typing  by  the  leucoagglutination, 
cy toxicity  and  platelet  complement  fixation  techniques.   A  reference  panel 
of  leucocyte  antigens  is  established  for  the  characterization  of  antisera. 
Dialysis  patients  of  the  New  York  University,  Bellevue  Hospital  and 
Manhattan  V.  A.  hospitals  are  pretyped  for  transplantation.   Computerized 
program  matches  donors  and  recipients. 

Major  Findings:   A  392  person  basic  reference  panel  has  been  established,  37 
chronic  dialysis  patients  in  New  York  City  have  undergone  H-LA  phenotype 
determinations  and  the  results  of  typings  for  eight  transplants  are  being 
evaluated. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   This  New  York 
facility  provides  an  opportunity  to  correlate  the  results  of  tissue  match-     i 
ing  with  transplantation  success  and  will  help  to  elucidate  the  relative 
importance  of  a  variety  of  antigens  as  determined  by  three  different  methods 
of  histocompatibility  testing. 

Proposed  Course  of  Project:    This  contract  has  been  extended  for  an  addition- 
al year  at  a  budget  of  $100,000.   This  will  continue  the  present  work^  funds 
provide  for  the  collection  of  10  liters  of  well-characterized,  high-quality 
typing  serum  and  for  the  training  of  immunologists  and  technicians  in 
histocompatibility  typing  techniques. 

Date  Contract  Initiated:   June  27,  1967 

Current  Annual  Level:   $139,950 
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UNIVERSITY  OF  NORTH  CAROLINA  (PH43-65-1027) 

Title:   Computational  Techniques  in  the  Elucidation  of  Leucocyte  Isoantigen 
System 

Contractor's  Project  Director:   Dr.  R.  C.  Elston 

Project  Officers:   Dr.  David  W.  Ailing  and  Mr.  Curtis  D.  Tate 

Objectives :   Research  under  this  contract  is  to  aid  the  sorting  of  a  large 
number  of  sera  into  independent  groups  on  the  basis  of  their  agglutination 
reactions  with  cells  from  a  large  number  of  persons,  to  distinguish  the 
antibodies  involved  and  their  genetic  relationships.   The  relevance  of  this 
to  kidney  transplants  is  under  investigation. 

Methods  Employed:   Utilizing  computerized  statistical  facilities?  the 
contractor  has  attempted  to  develop  methods  for  analyzing  immunological  data 
and  to  determine  genetic  relationships  between  donors  and  recipients. 

Major  Findings :   Several  new  algorithms  have  been  worked.   Theoretical  work 
and  development  of  computer  programs  are  progressing  steadily.   Prospective 
studies  are  in  progress  to  demonstrate  a  significant  association  between  the 
success  of  a  kidney  transplant  and  the  matching  of  the  donor  recipient  pair 
for  certain  leucocyte  antigens. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   Printouts  have  been 
obtained  of  the  information  under  study  and  the  contractor  is  completing  the 
analysis  of  the  data.   The  reports  of  this  analysis  will  be  made  available 
on  July  1,  1968. 

Proposed  Course  of  Project:   The  contract  has  been  extended  until  July  21,  1965 
without  additional  funds  at  which  time  it  will  be  reviewed. 

Date  Contract  Initiated:   June  21,  1965 

Current  Annual  Level:   $19,590  (extended  for  one  year  from  6/21/67  to  6/20/68 
without  additional  funds. 
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OHIO  STATE  UNIVERSITY  RESEARCH  FOUNDATION 

Title;   The  Production  of  100  Liters  of  Horse  Anti-human  Antilymphocyte  Serum 

Contractor's  Project  Director:   Dr.  G.  James  Cerilli 

Project  Officers:   Dr.  Roger  V.  Ohanesian  and  Mr.  Curtis  D.  Tate 

Objectives :  The  principal  objectives  of  this  contract  are  to:  1)  immunize 
full-grown  horses  to  produce  100  liters  of  ALS,  and  2)  store  and  distribute 
the  antisera  produced. 

Methods  Employed:   Facilities  are  established  for  the  conditioning  and  mainten- 
ance of  horses  being  used  to  produce  antiserum  against  human  lymphocytes. 
Animals  will  be  immunized  with  material  provided  by  the  government  according 
to  stipulated  regimens  following  the  production  of  antibodies.   The  horses  will 
be  sacrificed  and  the  serum  separated.   This  antiserum  will  be  distributed  to 
other  laboratories  for  processing  and  testing. 

Major  Findings:   This  is  a  new  contract  and  production  has  not  yet  been  started. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   Antilymphocyte  serum 
constitutes  one  of  the  major  means  of  immunosuppression  currently  being  used 
in  organ  transplantation.   This  material  is  in  short  supply,  is  poorly 
standardized  and  this  facility  will  provide  for  an  opportunity  to  collact 
large  quantities  of  carefully  prepared  material  which  can  then  be  further 
evaluated  by  in  vivo  and  Jji  vitro  techniques  prior  to  its  employment  in  clinical 
studies. 

Proposed  Course  of  Project;   Continuation  through  May  31,  1969 

Date  Contract  Initiated:   June  1,  1968 

Current  Annual  Level;   $15,696 
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UNIVERSITY  OF  PARIS  (PH-43-65-986) 

Title:  A  comparative  study  of  serologic  techniques  for  the  detection  of  anti- 
leucocyte  antibodies  and  correlation  of  the  results  obtained  with  the  response 
to  skin  homografts  in  human  subjects. 

Contractor's  Project  Director:   Dr.  Jean  Dausset 

Project  Officers:   Dr,  Donald  E.  Kayhoe  and  Mr.  James  E.  Moynihan 

Objectives:   The  principal  objectives  of  this  contract  are  to:   1)  screen  and 
test  sera  on  a  panel  of  130  persons;  2)  analyze  results  by  computer;  3)  con- 
duct absorption  testing;  4)  immunize  volunteers  and  determine  antigen  response; 
5)  produce  human  antisera  of  leucocyte  antigens;  6)  compare  and  correlate 
techniques  concerned  with  the  detection  of  anti-leucocyte  surface  antigens  and 
intracellular  leucocyte  antigens;  and,  7)  correlate  serological  results  with 
biological  tests  to  determine  the  response  to  skin  homografts. 

Methods  Employed:  Sera  from  volunteers  are  screened  for  leucocyte  antibodies, 
monospecific  serum  is  obtained  and  deposited  in  the  program  banks.  Volunteers 
are  skin  grafted  to  determine  antigenic  response  and  efficacy  of  tissue  typing. 

Major  Findings:  .  High-titer,  monospecific  serum  has  been  obtained.   The  role 
of  the  histocompatibility  and  red  cell  antigens  is  being  studied  in  volunteers. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   This  contract  pro- 
vides an  important  source  for  scarce  antisera.   The  skin  graft  experiments, 
done  in  collaboration  with  another  contractor,  further  elucidates  the  role  of 
the  various  tissue  antigens  in  histocompatibility. 

Proposed  Course  of  Project:   The  contract  was  extended  for  $40,000.   The 
principal  effort  will  be  to  obtain  at  least  10  liters  of  high  quality  histo- 
compatibility antisera.   The  studies  of  the  roles  of  the  various  tissue  antigens 
in  skin  graft  rejection  will  be  continued. 

Date  Contract  Initiated:   June  25,  1965 

Current  Annual  Level:   $52,200 
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PETER  BENT  BRIGHAM  HOSPITAL 

Title:   Operation  of  the  Kidney  Transplant  Registry 

Contractor's  Project  Director:   Dr.  Joseph  E.  Murray 

Project  Officers:   Dr.  Donald  E.  Kayhoe  and  Mr.  Curtis  D.  Tate 

Objectives:   The  principal  objectives  of  this  contract  are  to:   1)  collect 
data  from  collaborating  institutions;  2)  provide  specific  types  and  forms  of 
research  information  to  collaborating  investigators  on  a  routine  basis;  3) 
provide  special  types  and  forms  of  research  information  to  collaborating 
investigators  when  feasible;  4)  continue  to  improve  the  development  of  re- 
search information  systems  designed  to  support  organ  transplant  programs; 
and,  5)  establish  an  advisory  committee  to  aid  in  the  planning  and  manage- 
ment of  the  project. 

Methods  Employed:   In  a  cooperative  venture  with  transplant  centers  through- 
out the  world,  the  contractor  collects,  processes,  interprets,  and  dis- 
seminates information  on  kidney  transplantation. 

Ma j or  Find ings :   Data  from  the  registry  provides  information  on  survival  rates 
in  recipients  of  living-related,  living,  and  cadaver  kidneys,  it  also  provides 
data  needed  to  evaluate  the  efficacy  of  a  number  of  methods  for  immuno- 
suppression. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   The  transplantation 
registry  serves  as  the  sole  source  of  worldwide  information  on  the  results 
of  kidney  transplantation.   The  information  collected  provides  a  continuing 
progress  report  of  scientific  developments  and  is  of  major  value  in  program 
evaluation  and  planning.   This  program,  formerly  grant  supported,  has  now 
been  provided  with  additional  funds  which  will  provide  an  expansion  of  the 
activities  and  greatly  improve  its  utility  both  to  the  scientific  community 
and  to  the  NIAID  program. 

Proposed  Course  of  Project:   Continuation  through  May  31,  1969 

Date  Contract  Initiated:   June  1,  1968 

Current  Annual  Level:   $128,878 
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RESEARCH  FOUNDATION  STATE  UNIVERSITY  OF  NEW  YORK  (PH43-67-87) 

Title:   Characterization  of  Some  Immunological  Phenomena  Accompanying 
Homo trans pi ant at ion 

Contractor's  Project  Director:   Dr.  Felix  Milgrom 

Project  Officers;   Dr.  Donald  E.  Kayhoe  and  Mr.  Curtis  D.  Tate 

Objectives :   The  principal  objectives  of  this  program  are  to  identify  auto- 
immune responses  and  autoantibody  and  anti-gammaglobulin  formation  in  transplant 
recipients  and  to  develop  serologic  procedures  to  evaluate  other  graft-host 
reactions. 

Methods  Employed;   Sera  and  tissue  of  patients  receiving  transplants  are 
studied  to  determine  if  there  is  any  evidence  of  disease  recurrence  or  immuno- 
logic disorder. 

Major  Findings;   The  sera  of  many  patients  receiving  kidney  homografts  and 
skin  allografts  contain  antibodies  against  gammaglobulin  resembling  the 
rheumatoid  factor.   Studies  of  animal  sera  indicate  that  some  recipients  of 
homografts  form  kidney  specific  antibodies.   Antibodies  to  a  variety  of  other 
tissues  are  occasionally  found. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;   This  study  is  designed 
to  study  the  consequences  of  transplantation.   Animal  and  human  investigations 
to  date  have  indicated  that  autoimmune  disorders  may  occur  following 
transplantation. 

Proposed  Course  of  Project;   This  contract  was  extended  on  February  1,  1968 
with  an  annual  budget  of  $65,232.   The  contractor  will  continue  to  conduct 
immunological  evaluations  of  clinical  material  for  the  presence  of  tissue 
specific  and  other  antibodies  which  may  appear  as  a  consequence  of  transplan- 
tation. 

Date  Contract  Initiated:   December  1,  1966 

Current  Annual  Level;   $64,233 
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SCRIPPS  CLINIC  AND  RESEARCH  FOUNDATION  (PH-43-68-621) 

Title:   The  study  of  etiologic  events  and  antigen  antibody  systems  in  human 
glomerulonephritis . 

Contractor's  Project  Director:   Dr.  Frank  J.  Dixon 

Project  Officers:   Dr.  Donald  E.  Kayhoe  and  Mr.  Curtis  D.  Tate 

Objectives;   The  principal  objectives  of  this  contract  are  to:   1)  analyze 
serum  samples  and  eluates  from  kidney  tissue  to  identify  antibodies  present 
in  diseased  glomeruli;  2)  define  antigen  antibody  systems  involved  in  the 
genesis  of  glomerulonephritis;  and,  3)  identify   etiologic  events  triggering 
immune  response  leading  to  glomerulonephritis. 

Methods  Employed :   This  contract  provides  funds  for  the  operation  of  a 
laboratory  to  study  the  histological  changes  in  diseased  kidneys  and  in  kidneys 
post-transpiantatior.  to  determine  the  presence  of  antigen  antibody  reactions. 

Major  Findings:   This  is  a  new  project.   A  project  report  has  not  yet  been 
obtained  on  these  studies. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   The  recurrence  of 
disease  or  the  appearance  of  rejection  constitute  the  greatest  threats  to  the 
transplanted  kidney.   This  contract  provides  refined  immunological  techniques 
available  to  transplant  surgeons  to  examine  kidneys  for  evidence  of  these 
conditions. 

Proposed  Course  of  Project:   Continuation  through  January  1,  1969 

Date  Contract  Initiated:   January  2,  1968 

Current  Annual  Level :   $26,803 
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UNIVERSITY  OF  TEXAS,  M.D.  ANDERSON  HOSPITAL  AND  TUMOR  INSTITUTE  (PH-43-68-720) 

Title:   Effects  of  chemotherapy  on  immunological  responses  of  man  and  ex- 
perimental animals. 

Contractor's  Project  Director:   Dr.  Evan  M.  Hersh 

Project  Officers:   Dr.  Donald  E.  Kayhoe  and  Mr.  Curtis  D.  Tate 

Objectives :   The  principal  objectives  of  this  contract  are  to:   1)  inhibit  or 
abolish  the  induction  of  primary  and  secondary  antibody  responses;  2)  stop 
ongoing  antibody  responses;  and,  3)  impair  the  development  of  delayed  hyper- 
sensitivity and  prevent  the  rejection  of  skin  homografts. 

Methods  Employed :   This  contract  provides  funds  to  study  the  immunological 
responsiveness  of  patients  with  a  variety  of  forms  of  cancer  prior  to,  during, 
and  following  specific  cancer  chemotherapy  with  potentially  immunosuppressive 
drugs . 

Major  Findings:   This  is  a  new  contract;  no  progress  report  has  been  received 
to  date. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   Drug  immuno- 
suppression remains  the-most  widely  used  method  for  preserving  the  integrity 
of  the  kidney  graft.   This  contract  makes  it  possible  to  search  for  new, 
potentially  more  effective  drugs  in  patients  who  are  being  treated  for  cancer. 

Proposed  Course  of  Project:   Continuation  through  June  20,  1969 

Date  Contract  Initiated;  June  21,  1^*68 
Current  Annual  Level :   Approximately  $62,000 
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UNIVERSITY  OF  TURIN  (PH43-65-655) 

Title:   A  Collaborative  Research  Study  in  Transplantation  Immunology 

Contractor's  Project  Director:   Dr.  Ruggero  Ceppellini 

Project  Officers:   Dr.  Donald  E.  Kayhoe  and  Mr.  James  E.  Moynihan 

Objectives :   The  principal  objectives  of  this  contract  are  to:   1)  produce 
monospecific  isoimmune  sera  against  leucocytes  and  platelets;  2)  study  and 
compare  different  methods  for  the  best  use  of  each  reagent;  3)  establish 
a  "genetic  panel"  of  large  families  for  the  study  of  inlieritance  of  antigens 
and  linkage  with  other  genetic  markers;  4)  produce  isoimmune  sera  against  other j 
antigenic  systems;  and  5)  provide  personnel  and  facilities  to  support  the 
"Third  International  Conference  and  Workshop  on  Histocompatibility,"  and  to 
compile  and  evaluate  results. 

Methods  Employed ;   The  sera  of  multiparous  or  poly  transfused  patients  are 
screened  for  leucocyte  antibodies.   Patients  with  high  titers  are  plasma- 
pheresed  and  serum  deposited  in  the  Program  bank.   A  study  in  depth  utilizing 
various  techniques  of  leucocyte  typing  is  underway  in  selected  large  families 
to  determine  the  inheritance  of  histocompatibility  antigens. 

Major  Findings;   The  studies  of  this  contractor  and  other  participants  in  the 
Turin  Histocompatibility  Workshop  have  established  the  importance  of  the  HLA 
locus   in  human  histocompatibility. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   The  serum  obtained, 
under  this  contract,  is  needed  for  further  tissue  typing  and  use  of  other 
investigators.   Genetic  information  obtained  will  further  the  understanding 
of  the  inheritance  of  antigens  and  help  to  determine  the  number  of  loci 
involved  in  histocompatibility. 

Proposed  Course  of  Project:   A  one  year  extension  costing  $40,000  has  been 
requested  for  this  contract.   The  workscope  under  this  project  has  been 
redefined;  during  the  next  contract  year  the  contractor  will:   1)  continue 
screening  serum  to  find  individuals  with  antibodies  against  histocompatibility 
antigens;  2)  plasmapherese  selected  individuals  to  obtain  specified  quantities 
of  monospecific  antiserum;  and,  3)  supply  specified  quantities  of  other  high 
quality  duospecific  serum. 

Date  Contract  Initiated:   June  25,  1965 

Current  Annual  Level:   $51,500 
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TUSKEGEE  INSTITUTE 

Title:   Production  of  Antilymphocyte  Serum  in  Horses 

Contractor's  Project  Director:   Dr.  R.  W.  Brown 

Project  Officers:   Dr.  Roger  V.  Ohanesian  and  Mr.  Curtis  D.  Tate 

Objectives :  The  principal  objectives  of  this  contract  are  to:  1)  immunize 
full-grown  horses  to  produce  100  liters  of  ALS ,  and  2)  store  and  distribute 
the  antisera  produced. 

Methods  Employed:   Facilities  are  established  for  the  conditioning  and  mainten- 
ance of  horses  being  used  to  produce  antiserum  against  human  lymphocytes. 
Animals  will  be  immunized  with  material  provided  by  the  government  according 
to  stipulated  regimens  following  the  production  of  antibodies.   The  horses  will 
be  sacrificed  and  the  serum  separated.   This  antiserum  will  be  distributed  to 
other  laboratories  for  processing  and  testing. 

Major  Findings :   This  is  a  new  contract  and  production  has  not  yet  been  started. 

Significance  to  NIAID  Program  dnd  Bio-Medical  Research:   Antilymphocyte  serum 
constitutes  one  of  the  major  means  of  immunosuppression  currently  being  used 
in  organ  transplantation.   This  material  is  in  short  supply,  is  poorly 
standardized  and  this  facility  will  provide  for  an  opportunity  to  collect 
large  quantities  of  carefully  prepared  material  which  can  then  be  further 
evaluated  by  in  vivo  and  ^^n  vitro  techniques  prior  to  its  employment  in  clinical 
studies. 

Proposed  Course  of  Project:   Continuation  through  June  9,  1969 

Date  Contract  Initiated:   June  10,  1968 

Current  Annual  Level:   $13,060 
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THE  TRANSPLANTATION  SOCIETY 

Title:   The  Transplantation  Society's  Second  International  Congress 

Contractor's  Project  Director;   Dr.  Felix  Rapaport 

Project  Officer:   Mr.  Curtis  D.  Tate 

Objectives :  The  principal  objectives  of  this  contract  are  to:   1)  prepare  end 
publish  as  a  supplement  to  the  quarterly  "Seminars  in  Transplantation"  2,500 
copies  of  the  proceedings  of  the  Transplantation  Society's  Second  International 
Congress;  2)  distribute  copies  of  the  proceedings  to  Congress  participants 
and  to  all  medical  school  libraries  in  the  United  States;  3)  provide  partial 
support  for  general  administrative,  clerical  and  secretarial  services;  provide 
assistance  in  preparing,  printing,  handling  and  mailing  the  program  and 
abstracts  of  papers. 

Methods  Employed:   This  contract  will  support  the  administrative  and  clerical 
activities  of  the  Second  International  Congress  of  Transplantation.   In 
addition,  funds  will  be  provided  for  the  processing,  editing,  printing,  and 
distribution  of  the  papers  presented  at  this  meeting. 

Major  Findings:   This  is  a  new  contract;  no  progress  has  been  made. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   This  international 
meeting  provides  a  forum  for  the  presentation  of  new  research  data  in  this 
very  rapidly  growing  field.   The  funds  will  provide  for  a  more  rapid 
dissemination  of  research  information  through  the  medium  of  abstracts  and 
the  publication  of  a  supplement  to  the  quarterly  "Seminars  in  Transplantation." 

Proposed  Course  of  Project:   This  is  to  give  partial  support  to  the  Transplan- 
tation Society's  Second  International  Congress  1968;  support  rendered  is  for 
this  particular  meeting  only. 

Date  Contract  Initiated;   June  1,  1968 

Current  Annual  Level:   $45,000 
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UNIVERSITY  OF  WASHINGTON  (PH43-67-1435) 

Title:   Evaluation  of  Typing  Techniques  in  Clinical  Homotransplantation 

Contractor's  Project  Director:   Dr.  Thomas  Marchioro 

Project  Officers:   Dr.  Donald  E.  Kayhoe  and  Mr.  Curtis  D.  Tate 

Objectives :   The  principal  objectives  of  this  contract  are  to:   1)  type  donors 
and  recipients  of  renal  homografts;  2)  type  parents,  siblings,  and  children 
of  these  donors  and  recipients  to  acquire  genetic  background  information;  3) 
develop  additional  typing  sera;  4)  assess  the  eventual  outcome  of  renal  grafts 
and  to  participate  in  the  collection,  distribution  and  interpretation  of 
histocompatibility  data;  5)  provide  typing  services  for  other  investigators; 
6)  define  the  optimal  interrelationship  between  a  transplantation  program  and 
hemodialysis;  and,  7)  develop  and  improve  techniques  of  immunosuppression. 

Methods  Employed;  Patients  considered  for  renal  homotransplantation  at  the 
University  of  Washington  are  typed  and  the  results  comfirmed  by  other  con- 
tractors.  A  search  for  antibodies  is  made  of  patients  who  have  rejected  trans- 
planted kidneys  and  when  appropriate,  serum  is  obtained  for  the  bank  by  plasma- 
pheresis. 

Major  Findings;   Five  potential  transplant  recipients  and  20  potential  familial 
renal  donors  were  typed,  and  one  renal  and  one  bone  marrow  transplants  have 
been  performed. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;   Seattle,  Washington 
has  the  oldest  and  one  of  the  largest  chronic  dialysis  programs  in  the  world. 
The  establishment  of  the  typing  laboratory  makes  it  possible  to  study  the 
feasibility  of  typing  in  chronically  dialysed  patients  and  will  assist  in  the 
surgical  treatment  of  the  large  backlog  of  dialysis  patients. 

Proposed  Course  of  Project;   This  contract  has  been  extended  for  one  year  for 
$53,987.   The  contractor  further  proposes  to;   8)  obtain  a  minimum  of  10  liters 
of  typing  serum  for  the  NIAID  serum  bank  and  9)  provide  2  to  12  month  periods 
of  typing  training  for  selected  investigators. 

Date  Contract  Initiated;   June  29,  1967 

Current  Annual  Level;   $37,935 
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Conference  Papers 

Two  major  volumes,  both  products  of  international  conferences  and  either  wholly 
or  partly  sponsored  through  the  Transplantation  Immunology  Branch,  appeared 
during  Fiscal  Year  1968.   Program  participants  gave  more  than  two  dozen  scien- 
tific papers  at  these  meetings.   Only  the  names  of  the  volumes  in  which  these 
articles  appeared  are  given  below. 
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RESEARCH  REFERENCE  REAGENTS  PROGRAM 

1.   SUMMARY 

The  Research  Reference  Reagents  program  provides  highly  characterized  seed 
virus  and  corresponding  antiserum  for  research  needs.   The  enterovirus 
reagent  production  program  is  essentially  completed.   Adenovirus  and 
myxovirus  reagents  have  been  relatively  more  difficult  to  produce  in  the 
quantity  desired  and  at  the  same  time  fulfilling  qualitative  requirements. 
Mycoplasma  and  arbovirus  reagent  programs,  while  subjected  to  initial 
delays  due  to  technical  difficulties,  are  progressing  satisfactorily.   The 
addition  of  new  production  contractors  to  the  arbovirus  program  is 
contributing  to  increased  productivity.   Reference  interferon  of  good 
potency  has  been  produced  and  is  being  widely  distributed  and  evaluated. 
The  rhinovirus  reagent  program,  initiated  about  a  year  ago,  has  progressed 
satisfactorily. 

A  significant  policy  change  within  the  past  year  has  enabled  the  program  to 
supply  other  government  agencies  with  quantities  of  reagents  in  excess  of 
the  previous  limitation  of  one  ampule/year/lnvestlgator .   The  new  policy 
will  also  permit  transfer  of  bulk  reagents,  overruns,  etc.  to  the  National 
Communicable  Disease  Center  program  and  thus  provide  greater  utilization 
of  reagents  and  reduced  storage  costs  to  NIAID.  Wider  dissemination  of 
information  on  manufacturing  data  and  on  the  characteristics  of  the  reagents 
has  also  contributed  to  Increased  demand  and  distribution. 

The  program  derives  support  from  the  NIH  Intramural  Laboratories  which 
furnish   scientific  and  technical  consultation  and  project  officers.   At 
the  same  time,  increasing  use  is  being  made  of  Committee  members  and  other 
technically  qualified  scientists  as  program  and  project  consultants. 

Status  of  Reagent  Production 

ADENOVIRUS 

Reagents  have  been  made  to  all  31  adenovirus  types  and  most  are  available  for 
distribution,  except  as  noted  below. 

Detection  of  contamination  of  type  6  and  10  adenovirus  seed  reagents  has 
resulted  in  their  withdrawal  from  distribution.   It  is  planned  that  these 
reagents  will  be  re-made.   The  remaining  29  adenovirus  seeds  are  being 
distributed.   It  appears  that  five  types  of  seed  reagents  have  dropped 
in  potency.   All  seed  preparations  are  now  being  re-tested  and  will  be 
remade  if  necessary, 

Antlsera  are  now  available  to  all  adenovirus  types  except  20  and  21. 
Antlsera  to  these  types  will  be  re-made. 

In  addition  to  the  human  adenovirus  reagents  now  available.  Infectious 
canine  hepatitis  seed  virus  and  antiserum  have  been  accepted  as   reference 
reagent  and  are  being  distributed. 
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ARBOVIRUS 

The  addition  of  four  new  contractors  in  the  past  year  makes  a  total  of 
nine  contractors  actively  engaged  in  the  production  of  reference  reagents 
to  36  arboviruses. 

The  certification  laboratory  has  tested  ten  arbovirus  reference  reagents 
which  were  subsequently  approved  for  distribution  by  the  Arboviruses 
Committee.   In  addition  14  arbovirus  reagents  are  under  test  and  should 
be  available  for  distribution  in  the  near  future. 

A  contract  for  the  production  of  antibody-containing  grouping  ascitic 
fluid  has  resulted  in  the  production  and  approval  for  distribution  of 
two  grouping  fluids  and  another  in  the  final  stages  of  testing.   Due  to 
ectromelia  infection  of  this  producer's  mouse  colony  and  subsequent 
discovery  of  mouse  brain  tissue  antibody  in  some  fluids,  production  has 
been  delayed.   However,  it  is  anticipated  that  20  of  the  30  arbovirus 
groups  will  be  completed  by  the  end  of  this  contract  period. 

Another  contractor  has  been  actively  engaged  in  testing  antibody-containing 
fluids  and  seed  virus  reagent  for  the  presence  of  murine  antibody  and 
murine  virus  contamination.   To  date  20  reagents  have  been  tested  and 
characterized  using  the  "Mouse  Antibody  Production"  test  for  detection  of 
murine  virus  and  the  CF  and/or  HI  test  using  12  murine  antigens  for 
determining  the  presence  of  murine  antibody. 

Two  additional  contracts,  recently  negotiated,  are  directly  related  to  the 
production  and  certification  of  12  mosquito  blood  meal  antisera  to  be  used 
in  the  arbovirus  reference  reagents  program. 

Table  I  summarizes  production  activities  and  the  testing  of  arbovirus 
reagents. 

MYXOVIRUS 


In  the  initial  phase  of  the  myxovirus  program  reagents  were  produced  to 
subgroup  I  and  subgroup  II  viruses  and  other  related  virus  types.   To  date 
there  are  completed  and  available  for  distribution  seed  and  corresponding 
antisera  prepared  in  roosters  to  nine  influenza  A  human  and  animal  strains, 
five  influenza  type  B  strains  and  type  C  strains.   It  has  been  the  intent 
of  the  program  to  prepare  reference  reagents  to  those  influenza  virus 
types  which  are  to  be  included  in  vaccine  preparations. 

During  the  second  phase  of  the  program  a  number  of  reagents  produced  in 
the  first  phase  were  found  to  be  unsatisfactory  and  are  being  re-made. 
Table  II  "Status  of  Myxovirus  Reagents  -  Subgroup  II"  indicates  those 
reagents  available  for  distribution,  those  for  production  and  those  types 
which  are  to  be  made.   This  phase  of  the  program  should  be  completed 
within  the  next  year. 
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ENTEROVIRUS 

Seed  viruses  are  available  to  three  polio  types,  19  coxsackie  A  types  with 
the  exception  of  coxsackie  A-1,  A-19  and  A-20B,  6  coxsackie  B  types  and 
33  echo  virus  types.   Coxsackie  virus  A-9  is  now  being  packaged  and  will 
be  made  available.   Corresponding  monkey  sera  are  available  to  the  above 
virus  types  including  coxsackie  A-1,  A-9  and  A-20B  virus  types. 

In  addition,  this  program  has  been  supplemented  by  production  of  sizable 
quantities  of  antisera  prepared  in  horses  to  the  65  recognized  enterovirus 
types.   These  reagents  available  in  working  quantities  can  be  used  in 
screening  procedures  for  viral  isolates  such  as  in  intersecting  schema  pools, 
Use  of  antiserum  of  equine  origin  results  in  more  effective  use  of  the  more 
highly  characterized  reference  antisera  of  rhesus  monkey  origin.   Through 
the  World  Health  Organization  Enterovirus  Regional  Laboratories  extensive 
testing  has  been  conducted  on  these  reagents  and  results  indicate  that 
the  material  is  of  high  titer  and  is  specific  in  its  reactivity. 

Enterovirus  antisera  of  equine  origin  are  available  for  three  polio, 
15  coxsackie  A,  6  coxsackie  B  and  32  echo  virus  types.   Six  additional 
types  are  now  ready  for  processing  and  three  types  are  to  be  re-made. 

RHINOVIRUS 

A  program  has  been  initiated  that  will  ultimately  make  available  reference 
reagents  (seed  virus  and  corresponding  antisera  prepared  in  guinea  pigs), 
to  the  55  newly  accepted  prototype  rhinoviruses .   As  indicated  in  Table  III 
priorities  have  been  established  for  the  production  of  these  reference 
reagents.  Highest  priority  is  given  to  those  rhinoviruses  for  which 
interim  reference  reagents  had  not  been  previously  prepared.   There  are 
available  as  interim  reference  reagents  seed  virus  to  21  types  and 
antiserum  prepared  in  goats  or  cattle  to  21  types  of  the  newly  accepted 
rhinoviruses. 

Additional  candidate  strains  are  being  characterized  through  the  Vaccine 
Development  Program,  and  as  new  prototypes  are  recognize^  reagent 
production  will  be  initiated. 

REOVIRUS 


While  both  seed  virus  and  antisera  have  been  prepared  to  reovirus  types 
1,  2,  and  3  only  the  seed  viruses  are  being  distributed  as  reference 
reagents.   Tjrpe  specific  antisera  prepared  in  geese  are  now  under 
test  and  will  be  made  available.   Monkey  antisera  are  available  as 
interim  reagents  but  cross  reaction  are  of  such  magnitude  as  to  preclude 
serologic  separation  of  the  three  types. 
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HERPES  VIRUS 

Reagents  to  herpes  viruses:   herpes  simplex,  monkey  B  and  pseudorabies 
were  approved  for  release  and  are  being  distributed, 

A  research  and  development  production  effort  for  the  cytomegaloviruses 
has  been  initiated. 

SIMIAN  VIRUS 


Interim  reagents  have  been  prepared  through  this  program  to  2.6  simian 
virus  types  and  are  available.   These  reagents,  seed  and  serum,  are 
available  on  request.   The  National  Cancer  Institute  is  undertaking  a 
program  for  the  preparation  and  distribution  of  more  highly  defined 
simian  virus  reference  reagents. 

MYCOPLASMA 


The  program  has  continued  with  the  Research  Reference  Reagents  Branch, 
NIAID  and  the  Division  of  Biological  Standards  for  the  preparation  of 
reference  reagents  (seed  and  corresponding  mule  or  donkey  antisera)  to 
30  mycoplasma  species  of  human  and  non-human  origin. 

The  status  of  mycoplasma  reference  reagent  production  is  indicated  in 
Table  IV.   It  should  be  noted  that  seed  reagents  are  available  to  10 
mycoplasma  species  and  equine  antiserum  is  available  to  six  mycoplasma 
species.   In  addition,  fluorescein  conjugates  have  been  made  available 
to  10  mycoplasma  species  under  an  arrangement  with  the  National  Cancer 
Institute. 

The  Research  Reference  Reagents  Branch,  NIAID  has  undertaken  a  program 
for  making  available  additional  fluorescent  conjugated  materials. 
Table  IV  lists  those  materials  available  for  distribution  at  this  time 
and  those  reagents  which  will  be  available  during  the  FY  1969  and  FY  1970. 

INTERFERON 


Two  interferon  standards,  one  of  chick  origin  and  one  of  mouse  origin,  are 
available.   A  cooperative  program  with  the  National  Institute  for  Medical 
Research,  Division  of  Biological  Standards,  London,  England,  has  been 
initiated  to  determine  long-term  stability  of  lyophilized  mouse  interferon. 
In  addition,  chick  interferon  has  been  submitted  to  determine  its 
acceptability  as  an  international  reference  standard. 
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DISTRIBUTION  OF  REAGENTS 

Fiscal       Period  of 
Year         Operation 


1964  7/1/63  to  6/30/64 

1965  7/1/64  to  6/30/65 

1966  7/1/65  to  6/30/66 

1967  7/1/66  to  6/30/67 

1968  7/1/67  to  3/31/68(9  mo.)294 


Total  Ampules 

Total 

and  Vials 

Transactions 

Distributed 

52 

2,099 

159 

15,168* 

215 

15,908* 

269 

8,615 

no.) 294 

18,567 

TOTAL 


60,357 


Bulk 


1,200  ml. 
18,952  ml. 
20,152  ml. 


*Approximately  half  of  this  number  was  used  for  reagent  testing  and 
evaluation. 

The  number  of  transactions  and  the  number  of  items  distributed  has  increased 
greatly  during  the  first  nine  months  of  this  year.  It  is  projected  that 
375  transactions  will  be  completed  during  the  fiscal  year. 

This  increase  in  number  of  items  shipped  was  probably  the  result  of  the 
publication  of  a  "Special  Distribution  List  of  Virus  and  Mycoplasma 
Reagents".   This  list  was  sent  to  NTH  Intramural  Laboratories,  NIH 
Collaborative  Contractors  and  other  Government  Agencies  having  laboratories 
which  could  make  use  of  these  reagents.   The  "Special  Distribution  List" 
consisted  of  three  groups  of  reagents:   reagents  of  reference  quality,  bulk 
material,  and  potential  discard  reagents.  The  recipients  of  the  list  were 
eligible  to  receive  quantities  in  excess  of  the  one  ampule/year/investigator. 

In  addition,  a  revised  Index  of  Reagents  (November  1967)  was  sent  to  about 
600  research  investigators  who  have  expressed  an  interest  in  this  program 
and  requested  information  concerning  the  availability  of  reagents.   This 
Index  contains  approximately  500  items.  Of  the  500  reagents  listed  there 
were  270  reagents  which  had  not  been  listed  in  previous  indices. 

As  to  distribution  of  reagents  outside  the  USA,  there  have  been  requests 
from  twenty-three(23)  foreign  countries  this  year.   Reagents  have  been 
sent  to  forty-three  (43)  foreign  countries  since  the  program  was  initiated. 

The  present  policy  for  distributing  reagents  provides  guidelines  designed 
to  safeguard  valuable  research  resources  while  at  the  same  time  permitting 
their  orderly  distribution  to  the  research  community.   There  will  be 
increasing  emphasis  placed  on  publicizing  the  availability  of  the  reagents 
and  their  characteristics  and  at  the  same  time  developing  effective  means 
for  retrieval  of  test  data  from  program  users. 
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Table  II.   Status  of  Myxovirus  Reagents  -  Subgroup  II 


In  Production, 

Reference 

Interim 

Processing  or 

Seed 

Reagents 
X 

Reagents 

Testing 

Para  1  (HA-2) 

Serum 

X 

Sendai 

Seed 
Serum 

X 
X 

Para  2  (Greer 

)Seed 

X 

Serum 

X 

X 

SV-5 

Seed 
Serum 

X 
X 

Para  3  (HA-1) 

Seed 
Serum 

X 

SF-4 

Seed 
Serum 

X 

Para  4A  M-25 

Seed 
Serum 

X 

X 

CF 

Antigen 

X 

4B 

Seed 
Serum 

Mumps 

Seed 
Serum 

X 
X 

Newcastle 

Seed 
Serum 

X 
X 

Canine 

Seed 

X 

Distemper 

Serum 

X 

Measles 

Seed 
Serum 

X 

To  Be 
Re-made 


Respiratory   Seed 

syncytial 

(Long)        Serum 

Respiratory   Serum 

syncytial 

(18537) 
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Table  III.   Status  of  Rhinovirus  Reference  Reagents 

Production  Priority  Rhinovirus  Types 

1  30  and  35 

2  4,  21,  38,  45,  46,  47,  50,  53  and  55 

3  7,  8,  9,  10,  11,  12,  18  and  19 

4  23,  26,  28,  29,  51,  52  and  54 

5  Remaining  29  types 


Seed  virus  and  antiserum  are  in  some  stages  of  production  to  all  types  as 
established  by  the  priority  system.  As  the  products  are  tested  and 
packaged  they  will  be  made  available  for  distribution. 
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Table  IV.   Status  of  Mycoplasma  Reference  Reagents 


Non-conj 

ugated 

Fluorescein  Conjugated 

Human  Species 

Reagents 

Reagents 

Seed 

Serum 

Serum 

M.  pneumoniae 

X 

X 

XX 

M.  fermentans 

X 

X 

XX 

M.  salivarium 

X 

X 

XX 

M.  hominis 

X 

X 

XX 

M.  orale  1 

68+ 

X 

XX 

M.  orale  2 

X 

69 

XX 

M.  orale  3 

69 

70 

70 

M.  lipophilia  (new  species) 

69 

70 

70 

M.           (T960) 

69 

70 

70 

Animal  Species 

M.  arthriditis 

69 

70 

XX 

M.  granularum 

X 

69 

XX 

M.           (GDL) 

69 

68+ 

XX 

M.  hyorhinis 

X 

69 

69 

M.  pulmonis 

X 

69 

XX 

M.  laidlawii  A 

X 

69 

69 

M.  laidlawii  B 

69 

69 

69 

M.  canis 

69 

69 

69 

M.  gallinarum 

69 

69 

69 

M.  gallisepticum 

69 

69 

69 

M.  maculosum 

69 

69 

69 

M.  spumans 

69 

69 

69 

M.  bovigenitalium 

70 

70 

70 

M,  hyopneumoniae 

70 

70 

70 

M.  iners 

69 

70 

70 

M.  neurolyticura 

69 

70 

70 

M.  synoviae 

70 

70 

70 

M,  meleagridis 

70 

70 

70 

M.  anatis 

70 

70 

70 

M.  bovirhinis 

70 

70 

70 

M,  arginini  (new  species) 

69 

70 

70 

X  =  Currently  available  from  NIAID 
XX  =  Currently  available  from  NCI 
68+  -  Projected  calendar  year  for  availability  from  NIAID 
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2.   CONTRACT  NARRATIVES 

Arbovirus  Reagent  Program 

AMERICAN  TYPE  CULTURE  COLLECTION  (PH43-68-1008) 

Title :   Catalogue  of  Arthropod-borne  Viruses  of  the  World 

Project  Director:   Dr.  Trygve  0.  Berge 

Project  Officers:   Dr.  Earl  Chamber layne ,  Mr.  Domenic  Fuccillo  and 
Mr.  Robert  M.  Pennington 

Objectives :   To  maintain  a  registry  of  data  derived  from  investigations 
on  arthropod-borne  viruses  by  cataloguing  the  known  physical,  chemical, 
and  antigenic  characteristics,  the  host  and  vector  range,  pathogenesis 
and  geographical  distribution  of  these  reagents. 

Methods  Employed:   To  issue  on  a  quarterly  basis  registrations  of  new 
viruses,  pertinent  abstracts  of  published  articles  and  personal  communi- 
cations concerning  catalogued  viruses. 

Major  Findings:   None.   Project  recently  initiated. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   The  continued 
dissemination  of  the  scientific  information  pertaining  to  arboviruses 
is  a  dynamic  contribution  to  research  in  arbovirology. 

Proposed  Course  of  Project:   It  is  anticipated  that  this  contract  will 
be  continued  through  FY  1969. 

Date  Contract  Initiated: 

Current  Annual  Level:   $2A,019 
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CALIFORNIA  STATE  DEPARTMENT  OF  PUBLIC  HEALTH  (PH43- 68-679) 

Title;   Production  and  Testing  of  Arbovirus  Research  Reference  Reagents 

Project  Director;   Dr.  Edwin  H.  Lennette 

Project  Officers;   Dr.  Karl  Johnson  and  Mr.  Robert  M.  Pennington 

Objectives;   To  produce  research  reference  reagents  to  St.  Louis 
encephalitis,  Rxo  Bravo  and  Yellow  Fever  (17D). 

Methods  Employed;   Infant  mice  are  inoculated  intracerebrally  with 
purified  strains  of  virus  and  their  brains  are  harvested  for  preparation  of 
seed  virus  reagent  and  immunizing  antigen.   Adult  mice  are  injected  with 
immunizing  antigen  and  adjuvant  or  tumor  cells  to  yield  antibody- containing 
ascitic  fluid. 

Major  Findings;   None.   Project  recently  initiated 

Significance  to  NIAID  Program  and  Bio-Medical  Research;   This  contract 
will  furnish  three  arbovirus  reference  reagents  per  year  to  help  fill 
the  needs  of  NIH  grantees,  intramural  scientists,  contractors  and  other 
eligible  recipients  of  arbovirus  reagents. 

Proposed  Course  of  Project;   Subject  to  performance  review,  it  is 
anticipated  that  this  project  will  be  renewed  as  part  of  a  continuous 
arbovirus  reagent  production  effort. 

Date  Contract  Initiated;  April  22,  1968 

Current  Annual  Level;   $32,456 
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GULF  SOUTH  RESEARCH  INSTITUTE  (PH43-68-674) 

Title;   Production  and  Testing  of  Arbovirus  Research  Reference  Reagents 

Project  Director;   Dr.  Benjamin  H.  Sweet 

Project  Officers;   Dr.  Robert  J,  Byrne  and  Mr.  Robert  M.  Pennington 

Objectives;   To  produce  and  test  reagents  for  Dengue  2,  Chagres  and  Naples 
Sandfly  Fever  virus. 

Methods  Employed;   Infant  mice  are  inoculated  intracerebrally  with  purified 
strains  of  virus  and  their  brains  are  harvested  for  preparation  of  seed 
virus  reagent  and  immunizing  antigen.   Adult  mice  are  immunized  with 
antigen  and  adjuvant  or  tumor  cells  to  yield  antibody-containing  ascitic 
fluid. 

Major  Findings;   Production  and  testing  has  been  initiated  for  two  of  three 
arboviruses. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;  "Hiis  contract 

will  furnish  three  arbovirus  reference  reagents  to  help  fill  the  needs 

of  NIH  grantees,  intramural  scientists,  contractors  and  other  eligible 
recipients  of  arbovirus  reagents. 

Proposed  Course  of  Project;   Subject  to  performance  review,  it  is 
anticipated  that  this  project  will  be  renewed  as  part  of  a  continuous 
arbovirus  reagent  production  effort. 

Date  Contract  Initiated;   March  18,  1968 

Current  Annual  Level;   $90,450 
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LEDERLE  LABORATORIES   (PH43-68-1004) 

Title;   Production  and  Testing  of  Arbovirus  Research  Reference  Reagents 

Project  Director;   Dr.  Earl  H.  Dearborn 

Project  Officers;   Dr.  Robert  J.  Byrne  and  Mr.  Robert  M.  Pennington 

Objectives;   To  produce  arbovirus  reference  reagents  to  Modoc,  Hart  Park, 
Manzanilla  and  Montana  Myotis  Leucoencephalitis. 

Methods  Employed;   Infant  mice  are  inoculated  intracerebrally  with 
purified  strains  of  virus  and  their  brains  are  harvested  for  preparation 
of  seed  virus  reagent  and  immunizing  antigen.   Adult  mice  are  injected 
with  immunizing  antigen  and  adjuvant  or  tumor  cells  to  yield  antibody 
containing  ascitic  fluid. 

Major  Findings;   None.   Project  recently  initiated. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;   This  contract  will 
make  available  four  arbovirus  reference  reagents  to  help  fill  the  needs  of 
NIH  grantees,  intramural  scientists,  contractors  and  other  eligible 
recipients  of  arbovirus  reagents. 

Proposed  Course  of  Project;   Subject  to  performance  review,  it  is 
anticipated  that  this  project  will  be  renewed  as  part  of  a  continuing 
arbovirus  reagent  production  effort. 

Date  Contract  Initiated;  June  1968 

Current  Annual  Level;    $58,700 
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MICROBIOLOGICAL  ASSOCIATES,  INC.  (PH43-67-1149) 

Title;   Testing  of  Arbovirus  Reference  Reagents  for  the  Presence  of  Murine 
Virus  and  Murine  Virus  Antibodies.   Production  of  Sarcoma  180/TG 
Cells, 

Project  Director;   Dr.  Thomas  G.  Ward 

Project  Officers;   Dr.  Wallace  Rowe  and  Mr.  Robert  M.  Pennington 

Objectives:  To  test  and  characterize  arbovirus  reference  reagents  with 
respect  to  the  presence  of  murine  virus  and  murine  virus  antibody  which 
may  prevent  their  use  as  a  reference  reagent. 

To  produce  Sarcoma  180/TG  cells  to  be  used  by  reagent  contractors  in  the 
production  of  immune  ascitic  fluid. 

Methods  Employed;   Feasibility  testing  of  arbovirus  seed  pools  for  the 
presence  of  murine  viruses  by  using  the  Mouse  Antibody  Production  Test. 

To  prepare  two  liters  of  Sarcoma  180/TG  using  the  mouse  as  the  animal 
source.   The  final  product  will  be  tested  and  demonstrated  free  of 
twelve  murine  viruses. 

To  test  arbovirus  ascitic  fluids  for  the  presence  of  murine  virus  antibody. 

Major  Findings;   Six  arbovirus  seed  pools  have  been  tested  for  the  presence 
of  murine  virus  contamination  and  were  negative. 

The  data  on  Sarcoma  180/TG  cell  production  indicate  the  original 
Sartorelli  strain  is  contaminated  with  murine  viruses  and  thus  will  have 
to  be  cleaned  up  prior  to  production. 

Routine  serology  of  immune  ascitic  fluids  has  been  completed  on  fourteen 
reference  reagents  with  two  needing  more  definitive  testing  prior  to 
approval  for  distribution. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;   This  project 
primarily  fulfills  the  need  for  murine  virus  surveillance  of  all  arbovirus 
reagents  produced  by  other  contractors  and  is  an  adjunct  to  certification 
testing  of  reference  reagents. 

Proposed  Course  of  Project;  Subject  to  performance  review,  it  is  anticipated 
that  this  project  will  be  renewed  as  part  of  a  continuous  arbovirus  reference 
reagent  surveillance  contract. 
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MICROBIOLOGICAL  ASSOCIATES,  INC.  (CONTINUED) 
Date  Contract  Initiated;  June  13,  1967 
Current  Annual  Level:   $86,623 
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MICROBIOLOGICAL  ASSOCIATES,  INC.  (PH43-68-1268) 

Title :   Production,  Testing,  Pooling  and  Final  Packaging  of  Twelve  (12) 
Mosquito  Blood  Meal  Antise'ra. 

Project  Director:   Dr.  Robert -John  Trapani 

Project  Officers:   Mr.  Robert  M.  Pennington  and  Mr.  George  S.  Yee 

Objectives :   To  produce  three  (3)  broadly  reactive  Class-specific  antisera 
for  Aves,  Mammalia  and  a  combination  Reptilia-Amphibia.   Nine  (9)  specific 
antisera  will  be  produced  which  will  include  five  (5)  mammalia  and  four 
(4)  avian  to  be  used  in  the  identification  of  mosquito  blood  meals. 

Methods  Employed:   The  antisera  to  be  produced  by  proven  methods  as  outlined 
in  a  detailed  set  of  specifications  prepared  by  Drs.  C.  Tempelis  and 
J.  Edman.   The  final  product  will  react  with  at  least  a  1:10,000  dilution 
of  specific  antigen. 

Major  Findings:   None.   Project  recently  initiated. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;   There  is  a  definite 
need  in  the  intramural  program  for  reagents  which  would  aid  in  the  identifi- 
cation of  mosquito  blood  meals  or  blood  meals  of  other  biting  arthropods  of 
medical  importance.   These  reagents  would  add  to  understanding  the 
interrelationship  of  mosquitoes  and  their  vertebrate  hosts  in  the  complex 
transmission  chains  that  maintain  infections. 

Proposed  Course  of  Project:   Termination  at  completion  of  the  contract 
obligation . 

Date  Contract  Initiated:  June  1968 

Current  Annual  Level:   $25,291 
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NATIONAL  COMMUNICABLE  DISEASE  CENTER 

Title;   Production  of  Bwamba  and  Colorado  Tick  Fever 

Project  Director;   Dr.  Philip  H.  Coleman  and  Dr,  Matthew  Bucca 

Project  Officers;   Dr.  Earl  Chamber layne  and  Mr.  Robert  M.  Pennington 

Objectives;   To  produce  and  test  Bwamba,  Colorado  tick  fever,  Hughes  and 
Silverwater  arbovirus  reference  reagents. 

Methods  Employed;   Infant  mice  are  inoculated  intracerebrally  with 
purified  strains  of  virus  and  their  brains  harvested  for  preparation 
of  seed  virus  reagent  and  immunizing  antigen.   Adult  mice  are  injected 
with  immunizing  antigen  and  adjuvant  or  tumor  cells  to  yield 
antibody- containing  ascitic  fluids. 

Major  Findings;   During  the  past  year  certification  testing  of  final 
ampules  of  Bwamba  control  ascitic  fluid  were  shown  to  contain  a 
neutralizing  antibody  and  had  to  be  discarded. 

The  Colorado  tick  fever  seed  virus  bulk  reagent  dropped  to  such  a  low 
titer  that  another  is  being  prepared  by  NCDC. 

Hughes  and  Silverwater  arboviruses  are  currently  in  production  and 
progressing  satisfactorily. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;   This  project  will 
make  Bwamba,  Colorado  tick  fever,  Hughes  and  Silverwater  arboviruses 
available  to  NTH  grantees,  intramural  scientists,  contractors  and  other 
eligible  recipients  of  arbovirus  reagents. 

Proposed  Course  of  Project;   Will  continue  as  part  of  an  extended 
production  effort. 

Date  Contract  Initiated;   May  1,  1966 

Current  Annual  Level;   $45,000 
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NAVAL  BIOLOGICAL  LABORATORY 

Title;   Arbovirus  Propagation  in  Selected  Tissue  Culture  Mouse  Cell  Lines. 

Project  Director:   Dr.  S.  H.  Madin 

Project  Officers;   Dr.  Karl  Johnson  and  Mr.  Robert  M.  Pennington 

Objectives;   To  survey  available  or  locally-derived  mouse  cell  lines  for 
their  ability  to  replicate  selected  arboviruses. 

Methods  Employed;   Passage  of  four  screening  viruses  in  a  minimum  of  six 
cell  lines  simultaneously.   One  hundred  and  1000  LDcq  doses  will  be 
inoculated  into  four  replicate  cultures  of  each  cell  line.   Cells  and 
fluid  will  be  harvested  at  onset  of  CPE.   Cell  lines  which  appear  to 
support  replication  of  the  four  test  viruses  will  then  be  screened  with 
nine  additional  arboviruses. 

Major  Findings;   None.   Project  recently  initiated. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;  The   present 
method  of  arbovirus  reagent  production  utilizes  the  mouse  to  mouse  system 
as  the  source  of  seed  virus  reagent  and  immune  fluid  with  the  ever  present 
danger  of  contamination  of  the  final  product  with  murine  virus  and  murine 
antibody.   The  tissue  culture  approach  could  possibly  eliminate  the  murine 
virus  problem  resulting  in  a  more  desirable  reference  reagent . 

Proposed  Course  of  Project;   This  project  will  last  approximately  three  (3) 
months  and  may  be  extended  upon  mutual  consent  of  both  contracting  parties. 

Date  Contract  Initiated;   June  1968 

Current  Annual  Level;   $24,400  (3  months) 
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NAVAL  BIOLOGICAL  LABORATORY 

Title;   Produce  and  Test  Arbovirus  Research  Reference  Reagents 

Project  Director;   Dr.  S.  H,  Madin 

Project  Officers;   Dr.  Karl  Johnson  and  Mr.  Robert  M.  Pennington 

Objectives;   To  produce  and  test  reference  reagents  for  Powasson, 
Japanese  B  encephalitis,  vesicular  stomatitis  viruses  (New  Jersey  and 
Indiana) . 

Methods  Employed;   Infant  mice  are  inoculated  intracerebrally  with 
purified  strains  of  virus  and  their  brains  harvested  for  preparation  of 
seed  virus  reagent  and  immunizing  antigen.   Adult  mice  are  injected 
with  immunizing  antigen  and  adjuvant  or  tumor  cells  for  the  production 
of  antibody- containing  ascitic  fluid. 

Major  Findings;   None.  Project  recently  initiated. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;   This  project  will 
furnish  five  arbovirus  reagents  per  year  to  help  fill  the  needs  of  NIH 
grantees,  intramural  scientists,  contractors  and  other  eligible  recipients 
of  arbovirus  reagents. 

Proposed  Course  of  Project;   Subject  to  performance  review,  it  is  anticipated 
that  this  project  will  be  renewed  as  part  of  a  continuous  arbovirus  reagent 
production  effort. 

Date  Contract  Initiated;   January  9,  1968 

Current  Annual  Level;   $100,000 
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SOUTHWEST  FOUNDATION  FOR  RESEARCH  AND  EDUCATION  (PH43-67-1381) 

Title:   Production  and  Testing  of  Arbovirus  Research  Reference  Reagents 

Project  Director;   Dr,  S.  S.  Kalter 

Project  Officers;   Dr.  Clarence  J.  Gibbs  and  Mr.  Robert  M.  Pennington 

Objectives;   To  produce  and  test  reagents  for  Turlock,  Buttonwillow  and 
Epizootic  hemorrhagic  diseases  of  deer. 

Methods  Employed:   Infant  mice  are  inoculated  intracerebrally  with 
purified  strains  of  virus  and  the  brains  are  harvested  for  preparation  of 
seed  virus  reagent  and  immunizing  antigen.   Adult  mice  are  immunized  with 
antigen  and  adjuvant  or  tumor  cells  to  produce  immune  ascitic  fluid. 

Major  Findings;   During  the  past  year,  reagent  production  and  testing  has 
been  partially  completed  on  two  of  the  three  arboviruses. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;   This  project  will 
furnish  three  arbovirus  reference  reagents  to  help  fulfill  the  needs  of 
NIH  grantees,  intramural  scientists,  contractors  and  other  eligible 
recipients  of  arbovirus  reagents. 

Proposed  Course  of  Project:   Subject  to  performance  review,  it  is  anticipated 
that  this  contract  will  be  renewed  as  part  of  a  continuous  arbovirus  reagent 
production  effort. 

Date  Contract  Initiated;   June  29,  1967 

Current  Annual  Level;   $67,421 
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UNIVERSITY  OF  CALIFORNIA  (PH43- 68- 1253) 

Title :   Testing  and  Certification  of  Twelve  Mosquito  Blood  Meal  Antisera 

Project  Director:   Dr.  Constantine  H.  Tempelis 

Project  Officers:   Mr.  Robert  M.  Pennington  and  Mr.  George  S.  Yee 

Objectives :   To  test  and  certify  twelve  (12)  mosquito  blood  meal  precipitin 
antisera  as  to  titer  and  specificity  during  production  and  following  final 
processing. 

Methods  Employed:   Each  of  the  twelve  (12)  antisera  will  be  run  against 
heterologous  sera  diluted  1-1,000  in  phosphate-buffered  (pH  6.9)  8%  saline. 
Representatives  of  each  group  will  be  included  with  each  vertebrate  class, 
as  well  as  one  group  of  the  other  three  (3)  major  classes.   Serological 
testing  will  be  done  in  capillary  tubes.   Antisera  of  acceptable  titer  will 
be  further  tested  with  laboratory  fed  mosquitoes  and  field  collected 
mosquitoes  in  which  the  blood  meal  source  had  been  previously  determined. 

Major  Findings:   None.   Project  recently  initiated 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   The  characterized 
mosquito  blood  meal  antisera  will  be  a  valuable  research  tool  in 
epidemiological  studies  of  diseases  transmitted  by  arthropods  by  being  able 
to  identify  the  blood  meal  of  mosquitoes,  phlebotomus,  etc.,  important 
in  the  transmission  of  arboviruses. 

Proposed  Course  of  Project:   To  be  terminated  at  the  conclusion  of  the 
certification  testing  of  the  twelve  (12)  mosquito  blood  meal  antisera. 

Date  Contract  Initiated:  June  1968 

Current  Annual  Level:  $11,300 
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UNIVERSITY  OF  MIAMI  (PH43-67- 670) 

Title:   Produce  and  Test  Arbovirus  Research  Reference  Reagents 

Project  Director:   Dr.  William  L.  Pond 

Project  Officers:   Dr.  Robert  J.  Byrne  and  Mr.  Robert  M.  Pennington 

Objectives :   To  produce  and  test  reference  reagents  for  eastern  equine 
encephalitis,  tensaw,  Changuinola,  Anopheles  A  and  Guaroa. 

Methods  Employed:   Infant  mice  are  inoculated  intracerebral ly  with  purified 
strains  of  virus  and  their  brains  harvested  for  preparation  of  seed  virus 
reagent  and  immunizing  antigen.   Adult  mice  are  injected  with  immunizing 
antigen  and  adjuvant  or  tumor  cells  to  yield  antibody  containing  ascitic 
fluids . 

Major  Findings:   During  the  past  year,  reagent  production  and  testing  has 
been  initiated  for  4  of  the  5  viruses  assigned.   Seed  virus  reagent  has 
been  produced  or  is  being  produced  for  4  viruses.   Immune  ascitic  fluid 
is  being  collected  from  mice  immunized  to  3  viruses. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   This  project  will 
furnish  arbovirus  reference  reagents  to  help  fill  the  nees  of  NIH  grantees, 
intramural  scientists,  contractors  and  other  eligible  recipients  of  arbo- 
virus reagents. 

Proposed  Course  of  Project:   Subject  to  performance  review,  it  is  anticipated 
that  this  project  will  be  renewed  as  part  of  a  continuous  arbovirus  reagent 
production  effort. 

Date  Contract  Initiated:   March  1,  1967 

Current  Annual  Level:   $50,550 
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UNIVERSITY  OF  WEST  INDIES   (PH43-67-65) 

Title;   Pre-production  Testing  of  Arbovirus  Reagents 

Project  Director;   Dr.  A.  H.  Jonkers 

Project  Officers;   Dr.  Karl  Johnson  and  Mr.  Robert  M.  Pennington 

Objectives;   To, develop  pre-production  protocols  for  assigned  arboviruses 
which  are  indigenous  to  Trinidad  and  a  potential  health  hazard  to  the 
United  States. 

Methods  Employed;   Pilot  lot  production  of  immune  fluids  using  various 
immunization  schedules  will  be  tested  for  potency  and  specificity  and 
the  best  schedule  will  be  used  for  production.   Testing  of  immune  fluids 
will  be  augmented  by  attempting  to  prepare  inactivated  antigens  for  use  in 
serological  characterization  of  the  final  product. 

Major  Findings;   None.   Project  recently  initiated. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;   Limited  research 
and  development  of  this  type,  directly  related  to  reagent  production, 
should  reduce  production  time  and  make  reference  reagents  more  readily 
available  for  distribution  to  NIH  grantees,  intramural  scientists, 
contractors  and  other  eligible  recipients  of  arbovirus  reagents. 

Proposed  Course  of  Project;   Subject  to  performance  review,  it  is  anticipated 
that  this  project  will  be  renewed  as  part  of  a  continuous  arbovirus  reagent 
production  effort. 

Date  Contract  Initiated;    June  1968 

Current  Annual  Level;   $11,613 
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UNIVERSITY  OF  WEST  INDIES  (PH43-67-65) 

Title:   Production  and  Testing  of  Arbovirus  Reference  Reagents 

Project  Director;   Dr.  Andries  H.  Jonkers 

Project  Officers;   Dr.  Karl  Johnson  and  Mr.  Robert  M.  Pennington 

Objectives:   To  produce  and  test  reference  reagents  for  Mayaro,  Ilheus, 
Wyeomyia  and  Melao  viruses  and  to  freeze  dry  the  seed  virus  reagents  for 
these  arboviruses. 

Methods  Employed;   Infant  mice  are  inoculated  intracerebrally  with  purified 
strains  of  virus  and  their  brains  harvested  for  preparation  of  seed  virus 
reagent  and  immunizing  antigen.   Adult  mice  are  injected  with  immunizing 
antigen  and  adjuvant  or  tumor  cells  to  yield  antibody- containing  ascitic 
fluids.   Seed  viruses  are  lyophilized  for  long-term  preservation  by 
freeze-drying  under  vacuum  and  backfilling  with  nitrogen. 

Major  Findings;   During  the  past  year  seed  virus  and  specific  immune 
fluids  have  been  made  to  Mayaro,  Ilheus,  Wyeomyia  and  Melao  arboviruses. 
The  freeze  dried  seed  virus  and  the  bulk  immune  fluids  have  been  shipped 
to  the  repository  for  final  processing  and/or  certification  testing. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   This  project 
will  furnish  three  to  four  arbovirus  reference  reagents  per  year  to  help 
fill  the  needs  of  NIH  grantees,  intramural  scientists,  contractors  and 
other  eligible  recipients  of  arbovirus  reagents. 

Proposed  Course  of  Project:   This  project  will  be  renewed  as  part  of  a 
continuous  arbovirus  reagent  production  effort. 

Date  Contract  Initiated:   February  20,  1967 

Current  Annual  Level:   $47,587 
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YALE  ARBOVIRUS  RESEARCH  UNIT  (PH43- 66-460) 

Title;   Testing  and  Identification  of  Arbovirus  Reagents 

Project  Director;   Dr.  Wilbur  G.  Downs 

Project  Officers:   Dr.  Earl  C.  Chamberlayne  and  Mr.  Robert  M.  Pennington 

Objectives;   To  furnish  essential  testing  and  certification  services 
for  other  arbovirus  production  contractors. 

Methods  Employed;   Furnishes  laboratory  test  services  including  serology 
and  virus  isolation.  YARU  laboratories  have  a  complete  battery  of 
arbovirus  antigens  with  which  to  conduct  neutralization,  CF  and  HI  tests. 
Standard  methods,  well  documented  and  published,  are  employed  for 
antigen  preparation  and  for  conducting  serologic  tests. 

Major  Findings;   These  testing  services  were  utilized  to  furnish  NIAID 
staff  and  arbovirus  advisory  committee  with  information  needed  to 
determine  acceptibility  for  distribution  of  nine  arbovirus  reagents 
during  the  past  year.   Also,  serological  testing  necessary  for  approval  of 
the  next  step  in  processing  of  bulk  reagents  has  been  completed  or 
initiated  for  eight  arbovirus  reagents. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;   This  service 
is  an  essential  element  of  the  arbovirus  reagent  program  and  it  is 
anticipated  that  its  full  usefulness  will  be  realized  in  future 
production  efforts. 

Proposed  Course  of  Project;   Continuation  during  arbovirus  production 
and  processing  efforts. 

Date  Contract  Initiated;   January  19,  1966 

Current  Annual  Level;   $36,300 
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YALE  ARBOVIRUS  RESEARCH  UNIT  (PH43-65-551 ) 

Title :   Production  of  Arbovirus  Grouping  Ascitic  Fluids 

Project  Director:   Dr.  Wilbur  Downs 

Project  Officers:   Dr.  Earl  Chamber layne  and  Mr.  Robert  M.  Pennington 

Objectives :   Tp  produce  thirty  (30)  arbovirus  grouping  ascitic  fluids 
usable  in  a  CF  test  and  of  such  a  specificity  to  differentiate  one  group 
from  another . 

Me thod s  Emp 1 oyed :   Mice  are  injected  with  representative  viruses  from 
within  established  groups  to  produce  antisera  sufficiently  reactive  to 
detect  any  virus  member  of  the  group.   Ascites  is  stimulated  to  produce 
the  desired  quantity  of  antibody-containing  fluid. 

Ma  jor  Findings :   The  production  of  grouping  ascitic  fluid  has  been  delayed 
because  of  an  ectromelia  virus  infection  of  the  mouse  colony  and  the 
discovery  of  a  mouse  brain  tissue  antibody  in  some  of  the  reagents.   In 
spite  of  these  obstacles  Group  Guama  and  Group  C- 1  have  been  found  to  be  of 
satisfactory  reactivity.   Group  VSV  has  been  processed  and  is  currently 
being  tested  by  the  Certification  Laboratory. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   These  grouping 
reagents  are  an  essential  part  of  the  total  arbovirus  reagent  program 
and  are  designed  to  make  more  effective  use  of  the  Immune  ascitic  fluid 
prepared  for  specific  viruses. 

Proposed  Course  of  Project:   It  is  anticipated  that  this  contract  will  be 
continued  through  FY  1969. 

Date  Contract  Initiated:   June  1,  1966 

Current  Annual  Level:   $22,148 
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Myxovirus  Reagent  Program 

FLOW  LABORATORIES  (PH43-66-953) 

Title :   Preparation  of  Reference  Reagents  for  Various  Myxo  and  Related 
Viruses 

Project  Director:   Dr.  James  K.  Noel 

Project  Officers:   Dr.  Robert  Byrne  and  Mr.  George  S.  Yee 

Objectives :   To  .produce,  test  and  package  reference  reagents  to  the  following 
myxoviruses:   Para  2  (SV-5),  Para  2  (Greer),  Para  3  (HA-1),  Respiratory 
syncytial  (Long),  Respiratory  syncytial  (18537),  Para  4A  (M  25). 

Methods  Employed:   Viruses  are  purified  by  terminal  dilution  and  passaged 
to  bring  infectivity  to  high  titer.   Final  tested  seed  virus  is  subject  to 
sterility  tests,  titer  and  identity.   Antisera  are  prepared  in  guinea  pigs 
or  ferrets  and  tested  against  a  broad  spectrum  of  myxoviruses. 

Major  Findings:   During  the  past  year  bulk  lots  of  antisera  to  the  following 
myxoviruses  were  completed:   Para  2  (SV-5),  RS  (18537),  Para  3  (HA-1)  and 
Para  2  (Greer).   Contaminants  with  foamy  viruses  have  delayed  production  on 
Para  4A  and  Para  4B  seed  virus  reagents.   Reagent  production  of  other  myxo- 
virus reagents  under  this  contract  are  not  on  schedule.   Acceptance  of 
two  (2)  reagents  are  still  under  consideration. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:  Completion  of  this 
contract  effort  will  provide  the  spectrum  of  myxovirus  reagents  recommended 
to  complete  the  first  phase  of  the  myxovirus  program. 

Proposed  Course  of  Project;   To  be  completed  on  or  before  December  31,  1968. 

Date  Contract  Initiated:   June  30,  1966 

Current  Annual  Level:   $230,370 
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NATIONAL  COMMUNICABLE  DISEASE  CENTER 

Title :   Certifying  Laboratory  for  Myxoviruses 

Project  Director:   Dr.  Walter  Dowdle 

Project  Officer:   Mr.  George  S.  Yee 

Objectives :   To  conduct  virus  infectivity,  complement  fixation, 
neutralization  and  HI  tests  on  myxovirus  seed  reagents  and  antisera 
to  determine  compliance  with  specifications. 

Methods  Employed:   Standard  methods  of  virus  assay  and  serologic  testing 
are  utilized.   These  methods  are  published  in  existing  NCDC  documents 
which  are  given  broad  distribution. 

Major  Findings:   The  service  furnished  by  NCDC  laboratories  has  been 
closely  coordinated  with  the  contractors  production  and  processing 
efforts  and  has  greatly  facilitated  the  program  effort.   For  the  most 
part,  there  has  been  close  agreement,  with  two  notable  exceptions,  between 
NCDC  test  results  and  those  of  the  production  contractors. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   This  contract 
is  an  essential  element  in  the  myxovirus  reagent  program  which  in  turn 
is  making  highly  characterized  seed  virus  and  antiserum  available  for 
the  national  research  effort. 

Proposed  Course  of  Project:   Continuation  to  June  30,  1968 

Date  Contract  Initiated:   July  1,  1962 

Current  Annual  Level:   $27,360 
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Enterovirus  Reagent  Program 

CALIFORNIA  STATE  DEPARTMENT  OF  PUBLIC  HEALTH  (PH43-62- 129) 

Title :   Certification  Testing  of  Enterovirus  Reference  Reagents 

Project  Director:   Dr.  Edwin  H.  Lennette 

Project  Officers:   Mr.  George  S.  Yee  and  Dr.  Robert  Byrne 

Objectives :   To  perform  certification  of  seed  virus  and  antiserum  prepared 
to  prototype  enteroviruses.   In  addition,  testing  to  other  virus  groups  will 
be  performed  on  request. 

Methods  Employed:   The  Contractor  performs  inf activity  titers,  SN 
breakthrough  and  sterility  on  seed  virus  reagents  homologous  and 
heterologous;  serum  neutralization  testing  is  performed  on  antiserum. 

Major  Findings:   The  certification  laboratory  in  most  cases  has  confirmed 
the  test  data  as  given  by  the  producer.   In  some  cases  there  have  been 
indications  of  loss  of  titer  and  In  several  cases  contamination  with  other 
viruses  have  been  determined.   The  heterologous  testing  of  the  antiserum 
has  in  most  cases  been  similar  to  that  of  the  producer.   Through  the  testing 
by  this  laboratory,  it  appears  that  the  adenovirus  seed  reagents  have 
dropped  in  potency.   The  Contractor  has  assisted  the  program  in  testing 
reagents  prepared  to  the  myxovirus  subgroup  2  types. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   The  Contractor  pro- 
vides data  confirming  authentication,  identification,  potency  and  purity  of 
enterovirus  reference  reagents,  produced  by  independent  contractors.   This 
comprehensive  certification  testing  enhances  the  value  of  the  reagents  as 
reference  standards. 

Proposed  Course  of  Project:   As  long  as  a  contract  is  In  effect  for  the 
preparation  of  enterovirus  reference  reagents  the  services  of  this  labora- 
tory will  be  needed. 

Date  Contract  Initiated:   December  11,  1961 

Current  Annual  Level:   $21,580 
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BAYLOR  UNIVERSITY  SCHOOL  OF  MEDICINE  (PH43-62- 127 ) 

Title :   Enterovirus  Antiserum  of  Equine  Origin 

Project  Director:   Dr.  Joseph  L.  Melnick 

Project  Officers:   Dr.  Robert  Byrne  and  Mr.  George  S.  Yee 

Objectives :   Immunizing  antigens  are  prepared  employing  the  magnesium 
aluminum  carbonate  concentrate  previously  described  by  Dr.  Melnick. 
Immunizing  schedules  are  studied  to  determine  optimum  means  for  pro- 
ducing high  titered  serum. 

Major  Findings:   Immunization  of  animals  are  performed  by  another  con- 
tractor.  Immunizing  schedules  used  for  the  preparation  of  echo  virus 
antiserum  could  not  be  used  for  the  preparation  of  antiserum  to  the 
Coxsackie  A  types.   Coxsackie  A-4  and  A- 17  are  being  repeated.   Through 
a  cooperative  effort  with  the  WHO  International  Enterovirus  Laboratories 
heterologous  testing  is  being  performed  and  it  appears  that  most  of  the 
horse  serum  is  specific. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   These  enterovirus 
reagents  comprise  an  essential  part  of  a  total  effort  to  insure  uniformity 
of  virological  research  results  in  different  laboratories  throughout  the 
world.   Horse  serum  has  provided  large  quantities  needed  to  prepare 
intersecting  schema  pools. 

Proposed  Course  of  Project:   This  project  will  continue  depending  on  the 
number  of  enterovirus  candidates  which  are  accepted  as  prototypes. 

Date  Contract  Initiated:   February  15,  1962 

Current  Annual  Level:   $51,000 
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UNIVERSITY  OF  KANSAS  MEDICAL  CENTER  ( PH43- 64-529 ) 

Title :   Production  of  Enterovirus  Reference  Reagents 

Project  Director:   Dr.  Herbert  A.  Wenner 

Project  Officers:   Dr.  Robert  Byrne  and  Mr.  George  S.  Yee 

Objectives :   To  prepare  and  test  picornavirus  reagents 

Methods  Employed:   Seed  virus  is  grown  in  standard  tissue  culture  methods. 
Antiserum  is  prepared  in  rhesus  monkeys.   Standard  serological  testing 
such  as  serum  neutralization,  complement  fixation,  hemagglutination  and 
hemagglutination  inhibition  tests  are  employed. 

Major  Findings:   Through  the  efforts  of  this  contractor,  characterization 
studies  were  performed  on  candidate  enterovirus  strains:   DN-19,  HU-39, 
Pett  virus,  Berlan  (60-0384),  and  CHU-37.   None  of  these  types  were  accepted 
as  prototypes.   In  addition,  the  Contractor  has  been  undertaking  the 
preparation  of  hemagglutinating  antigens  to  those  enteroviruses  exhibiting 
this  property.   The  Contractor  is  also  performing  a  feasibility  study  for  the 
preparation  of  "intersecting  schema  pools"  for  the  serologic  typing  of 
unknown  and  viral  isolates  which  may  be  enteroviruses.   This  contractor  has 
performed  identity  and  potency  testing  on  26  coryzavirus  goat  antisera  and 
has  determined  that  these  materials  are  high  titered  and  specific. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   These  enterovirus 
reference  reagents  are  an  essential  part  of  a  total  effort  to  facilitate 
and  enhance  virus  research  by  providing  uniform,  highly  characterized  seed 
virus  and  antiserum  to  members  of  the  research  community. 

Proposed  Course  of  Project:   This  project  will  continue  into  FY  1979  and  may 
be  terminated  at  that  time. 

Date  Contract  Initiated:   January  1,  1964 

Current  Annual  Level:   $60,000 
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Rhinovirus  Reagent  Program 

ABBOTT  LABORATORIES  (PH43-67- 1355) 

Title:   Production  of  Reference  Reagents  to  55  Prototype  Rhinoviruses 

Project  Director:   Mr.  George  S.  Marquis 

Project  Officers:   Dr.  Albert  Z.  Kapikian  and  Mr.  George  S.  Yee 

Objectives :   To  prepare  purified  seed  and  corresponding  antisera  in  guinea 
pigs  to  the  55  prototype  rhinoviruses. 

Methods  Employed:   Seed  virus  reagents  are  to  be  prepared  in  WI-38  cell 
culture,  free  of  mycoplasma  and  other  viral  contamination  and  to  have  a 
minimum  infectivity  titer  of  105/ml.   Antiserum  reagents  will  be  prepared 
in  guinea  pigs  to  provide  a  minimum  homologous  titer  by  serum  neutralization 
of  1:500  using  32-100  TCID50  virus  doses.   It  is  expected  that  there  will 
be  no  or  a  minimal  heterologous  titer  against  the  other  prototype  rhino- 
viruses. 

Major  Findings:   A  priority  production  system  has  been  developed.   The  Con- 
tractor has  completed  the  preparation  of  master  seed  to  approximately  10 
of  the  55  prototypes.   All  seed  stocks  originally  grown  in  HELA  cells  were 
contaminated  with  mycoplasma.   These  seeds  have  been  chloroform  treated 
and  passaged  in  WI-38  cells.   Antiserum  production  has  been  initiated  for 
four  (4)  types. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   These  reagents  are 
essential  in  bio-medical  research  due  to  their  significant  role  in  diseases 
of  man.   This  virus  group  has  been  associated,  along  with  the  adenovirus  and 
myxovirus  groups  in  vaccine  development  studies  for  the  development  of  a 
vaccine  for  the  common  cold. 

Proposed  Course  of  Project:   This  project  will  continue  until  reagents  to 
the  55  prototype  rhinoviruses  are  completed. 

Date  Contract  Initiated:   June  29,  1967 

Current  Annual  Level:   $235,600  (funded  for  two  (2)  years) 
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CARVER  RESEARCH  FOUNDATION  OF  TUSKEGEE  INSTITUTE  (PH43-67- 1320) 

Title:   Production  of  Antisera  to  Rhinoviruses  by  the  Immunization  of  Goats 

Project  Director:   Dr ,  Russell  W.  Brown 

Project  Officers:   Dr.  Albert  Z.  Kapikian  and  Mr.  George  S.  Yee 

Objectives :  To  investigate  methods  for  immunization  of  goats  for  the 
production  of  antiserum  to  approximately  twenty-eight  (28)  rhinovirus 
prototype  strains. 

Methods  Employed:   Immunization  schedules  are  being  developed  to  include 
vaccination  with  and  without  adjuvants  and  feasibility  studies  to  determine 
the  number  of  inoculations  necessary  over  a  period  of  time  for  the  pro- 
duction of  specific,  high  titered  antisera  in  adequate  volumes. 

Major  Findings:   Antiserum  production  in  goats  to  rhinovirus  types  30  and 
35  using  three  (3)  different  immunization  schedules  has  been  initiated.   In 
addition,  three  (3)  coryzavirus  type  sera  are  repeated  either  because  the 
previous  lot  of  immune  sera  was  of  low  titer  or  showed  cross  reactivity 
between  other  types. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   This  contract 
is  furnishing  the  program  with  rhinovirus  and  enterovirus  antisera  to  be 
used  as  working  reagents. 

Proposed  Course  of  Project;   If  it  is  found  during  the  course  of  study 
that  goat  sera  prepared  is  not  of  adequate  titer  or  specificity  the  pro- 
duction of  goat  serum  to  twenty-eight  (28)  rhinovirus  types  will  be  deleted. 

Date  Contract  Initiated:   June  1,  1967 

Current  Annual  Level:   $228,000  (funded  for  three  (3)  years) 
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UNIVERSITY  OF  VERMONT  (PH43-67- 1 188) 

Title :   To  Test,  Identify  and  Certify  Rhinovirus  Reference  Reagents 

Project  Director:   Dr.  Charles  A.  Phillips 

Project  Officers:   Dr.  Robert  Byrne  and  Mr.  George  S.  Yea 

Objectives :   The  Contractor  will  authenticate  and  test  reagents  produced 
by  Abbott  Labora-tories  for  identity,  potency  and  purity. 

Methods  Employed:   Standard  serological  tests  will  be  employed.   Seed 
reagent  purity  will  be  tested  by  a  SN  breakthrough  test  and  homologous 
and  heterologous  neutralization  tests  will  be  used  with  antiserum. 

Major  Findings:  The  Contractor  found  it  necessary  to  prepare  authenticating 

serum  for  use  in  identity  and  purity  testing  of  master  seeds  to  four  (4) 

rhinovirus  types  as  reagents  were  not  available  from  the  original  isolation 
laboratory. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:  The  Contract 
furnishes  authentication  and  purity  confirmation  on  rhinovirus  reagents 
produced  by  other  independent  contractors.   The  comprehensive  certification 
testing  will  enhance  the  value  of  the  rhinovirus  reagents  as  reference 
standards . 

Proposed  Course  of  Project:   As  long  as  a  contract  is  in  effect  for  the 
production  of  rhinovirus  reference  reagents,  the  service  of  this  contractor 
will  be  needed. 

Date  Contract  Initiated:   June  30,  1967 

Current  Annual  Level:   $123,585  (funded  for  three  years) 
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Herpes  Reagent  Program 

BAYLOR  UNIVERSITY  (PH43-68- 1246) 

Title :   To  Conduct  a  Research  Study  Leading  to  the  Preparation  of  Reference 
Reagents  to  the  Cytomegaloviruses 

Project  Director:   Dr.  Joseph  L.  Melnick 

Project  Officers:   Dr.  Julius  A.  Kasel  and  Mr.  George  S.  Yee 

Objectives:   To  investigate  the  propagation  of  cytomegaloviruses  in  baboon 
fibroblasts  for  eventual  immunization  of  baboons  with  infectious 
cytomegaloviruses  to  produce  a  specific  and  highly  potent  antibody  in 
immune  serum. 

Methods  Employed:   Two  human  strains  will  be  initially  used  AD- 169  and  C-87 
and  simian  virus  2757.   Animals  will  be  immunized  by  various  routes  with 
and  without  adjuvants  and  sera  obtained  from  the  serial  bleedings  will  be 
tested  in  the  presence  or  absence  of  fresh  complement  for  neutralizing  anti- 
body.  If  necessary  concentration  of  virions  from  intracellular  and  extra- 
cellular virus  preparations  will  be  made  by  means  of  pelleting  in  the 
ultracentrifuge  or  banding  in  sucrose  and  potassium  tartrate  gradients  using 
zonal  ultracentrifugation.   The  Contractor  will  explore  the  possibility  of 
propagating  the  human  and  simian  viruses  in  baboon  fibroblasts. 

Major  Findings:   This  project  has  just  been  initiated. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   Reagents  to  the 
Herpes  virus  group  are  essential  in  bio-medical  research  due  to  the  groups 
significant  role  in  the  diseases  of  man  and  animals  and  because  of  frequency 
of  which  they  occur  as  contaminants  in  tissue  culture  cell  lines,  media 
and  biological  products. 

Proposed  Course  of  Project:   It  is  expected  that  the  first  year  will  be  for 
performing  feasibility  studies  and  a  second  year  will  result  in  the  production 
of  actual  reagents. 

Date  Contract  Initiated:   June  1968 

Current  Level  of  Funding:   $71,415 
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Mycoplasma  Reagent  Program 

BALTIMORE  BIOLOGICAL  LABORATORIES  (PH43-67- 1468) 

Title :   To  Prepare  and  Test  Reference  Reagents  to  Recognized  Human  and 
Animal  Mycoplasma  Types 

Project  Director:   Dr.  Theodore  R.  Carski 

Project  Officers:   Dr.  Robert  Pur cell  and  Mr.  George  S.  Yee 

Objectives :   To  produce  and  test  mycoplasma  reference  reagents  to  serve  as 
reference  standards  for  research  on  mycoplasmas. 

Methods  Employed:   Seed  reagent  and  immunizing  antigen  were  prepared  in 
special  media.   Antisera  were  initially  prepared  in  rabbits.   Horses  and 
mules  are  now  being  used  for  antiserum  production. 

Major  Findings:   Reagents  to  the  recognized  human  mycoplasma  species  and 
non-human  mycoplasma  species  are  being  prepared.   Research  and  Development 
efforts  have  resulted  in  a  definition  of  a  time- temperature-pressure  cycle 
for  lyophilizing  mycoplasma  seed  reagents  for  long-term  storage.   In 
addition,  fluorescein  conjugated  reagents  are  being  prepared  for  some 
thirty  (30)  mycoplasma  species. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   These  mycoplasma 
reagents  are  essential  in  bio-medical  research  due  to  their  significant 
role  in  diseases  of  man  and  animals  and  because  of  the  frequency  with  which 
they  occur  as  contaminants  in  tissue  culture  cell  lines  media  and  biological 
products . 

Proposed  Course  of  Project:   This  project  will  continue  until  reference 
reagents  to  those  mycoplasma  species  of  importance  to  bio-medical  research 
have  been  completed.   This  contract  is  inter-related  to  a  DBS  contract 
(PH43-66- 1 163)  in  the  selection  of  strains,  testing  to  be  performed  and  rea- 
gents to  be  prepared. 

Date  Contract  Initiated:   June  26,  1967 

Current  Annual  Level:   $82,405 
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UNIVERSITY  OF  AARHUS  (PH43-67-682) 

Title:   To  Authenticate  and  Certify  Mycoplasma  Reference  Reagents  Prepared 
to  Human  and  Other  Mycoplasma  Strains 

Project  Director:   Dr.  E.A.  Freundt 

Project  Officers:   Dr.  Robert  Purcell  and  Mr.  George  S.  Yee 

Objectives :   To  certify  mycoplasma  reference  reagents  prepared  to  mycoplasma 
species  for  identity,  potency,  and  purity.   Purity  testing  will  be  performed 
with  a  known  spectrum  of  mycoplasma  species  including  those  which  are  not 
available  in  the  United  States  because  of  importation  regulations.   In 
addition,  the  Contractor  will  develop  new  techniques  and/or  modify  or 
evaluate  existing  techniques  for  the  detection,  identification  or 
characterization  of  mycoplasma  species. 

Methods  Employed:   Standard  serological  techniques  used  in  mycoplasma 
research  will  be  employed  such  as,  growth  inhibition  on  agar,  metabolic 
inhibition  and  indirect  hemagglutination.   Biological  characteristics  other 
than  antigenic  properties  will  be  determined  by  use  of  the  following 
methods:   fermentation  reactions  using  all  of  the  sugars  known  to  be  useful 
for  the  classification  of  mycoplasmas,  production  of  film  and  "spots"  on 
egg  yolk  medium,  tetrazolium  reduction,  hemolysis,  hemadsorption,  require- 
ments of  growth  for  serum,  yeast  extract,  temperature  and  aerobic  and 
anaerobic  conditions.   Provisions  are  being  made  that  the  seed  material  will 
be  screened  by  means  of  an  indirect  immunofluorescence  agar  method.   Anti- 
serum testing  will  primilarly  be  done  by  growth  inhibition  on  agar  hetero- 
logous screening  will  be  performed  using  metabolic  inhibition  and  CF 
serology  especially  for  those  strains  and  types  not  available  at  NIH, 

Major  Findings:   The  Contractor  has  prepared  and  now  has  available  for 
performing  certification,  cloned  and  lyophilized  strains  to  some  38  myco- 
plasma species.   In  addition,  antigen  reagents  for  CF,  direct  hemagglutina- 
tion metabolic  inhibition  tests  are  being  prepared.   Rabbit  hyperimmune  sera 
have  been  prepared  to  some  30  mycoplasma  species,  including  "T"  strains. 
Preliminary  testing  of  arginine,  glucose  metabolic  studies  and  tetrazolium 
tests  have  been  performed  on  a  number  of  mycoplasma  strains. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:  Certification  of 
mycoplasma  reagents  by  the  University  of  Aarhus  is  essential  as  a  safeguard 
in  insuring  authenticity  and  purity.   Specialized  testing  by  the  University 
of  Aarhus,  for  which  this  laboratory  is  uniquely  qualified,  will  further 
enhance  the  value  of  the  reagents  as  reference  standards. 
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UNIVERSITY  OF  AARHUS  (CONTINUED) 

Proposed  Course  of  Project:   This  project  has  been  continued  for  an 
additional  year.   Meanwhile,  the  Staff  is  investigating  possible 
domestic  sources  for  this  essential  activity. 

Date  Contract  Initiated:   April  28,  1968 

Current  Annual  Level:   $36,997 
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Special  Resources  Program 

AMERICAN  TYPE  CULTURE  COLLECTION   (PH43-68-1263) 

Title;   Collection,  Registration,  Preservation  and  Distribution  of  Human 
and  Animal  Viruses  and  Rickettsiae. 

Project  Director;   Dr.  Trygve  0.  Berge 

Project  Officers;   To  be  appointed  by  the  Acting  Associate  Director  for 
Collaborative  Research 

Objectives;   To  maintain  a  central  repository  for  viruses  and  rickettsiae. 

Methods  Employed;   A  registry  of  data  on  viruses  and  rickettsiae  presently 
stored  in  the  repository  and  those  additions  made  to  the  repository  will 
be  maintained.  Materials  will  be  assayed  during  storage  for  retention  of 
potency  and  replenished  when  necessary.   Standard  serological  techniques 
will  be  used. 

Major  Findings;   This  contract  effort  has  just  been  initiated. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;   The  ATCC  is 
recognized  as  an  organization  devoted  to  the  preservation  and  distribution 
of  reference  cultures  to  the  scientific  community.   It  is  anticipated 
through  this  cooperative  effort  that  the  NIAID  Program  and  the  ATCC 
program  will  be  more  closely  complemented  with  regard  to  the  preparation 
and  distribution  of  seed  virus  reagents. 

Proposed  Course  of  Project;   It  is  expected  this  will  be  maintained  for  at 
least  a  five  year  effort  and  additional  time  if  deemed  necessary. 

Date  Contract  Initiated;   June  1968 

Current  Annual  Level;   $96,159 
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AMERICAN  TYPE  CULTURE  COLLECTION  (PH43-63- 1257) 

Title:   Development  and  Maintenance  of  the  ATCC  Collection  of 
Bacteriophages 

Project  Director:   Dr.  William  A.  Clark. 

Proiect  Officers:   To  be  appointed  by  the  Acting  Associate  Director  for 
Collaborative  Research 

Objectives :   To  maintain  a  centralized  national  collection  of  documented 
bacteriophage  strains  for  long  term  preservation  and  distribution.   In 
addition,  to  conduct  research  on  characterizing,  classifying  and 
preserving  bacterial  viruses. 

Methods  Employed:   Rehydration  techniques  will  be  used  to  improve 
reactivity  of  bacteriophages  from  freeze-drying.   Additional  techniques 
for  phage  characterization,  such  as  plaque  morphology,  chloroform 
sensitivity,  osmotic  relations,  host  ranges,  DNA  and  RNA  nucleic  acid 
differentiation  will  be  used. 

Major  Findings:   This  contract  has  just  been  initiated. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   Bacteriophages 
have  been  used  extensively  as  models  in  studies  of  viruses.   It  is 
essential  that  there  be  a  central  collection  of  bacteriophage  types  so 
that  these  types  can  be  made  available  to  the  research  community.   Results 
of  research  on  bacteriophages  may  have  application  to  the  study  of  viruses 
affecting  man  and  animals. 

Proposed  Course  of  Project:   It  is  expected  this  will  be  maintained  for  at 
least  a  five  year  effort  and  additional  time  if  deemed  necessary. 

Date  Contract  Initiated:   June  1968 

Current  Annual  Level:   $39,824 
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INSTITUTE  FOR  COMPARATIVE  BIOLOGY  (PH43-68- 1935) 

Title :   Continuation  of  Animal  Virus  Characterization  Program 

Project  Director:   Dr.  Charles  J.  York 

Project  Officers:   Dr.  Robert  Byrne,  Mr.  George  S.  Yee  and  Mr,  James  Moynihan 

Objectives :   To  provide  investigators  with  data  on  both  established  and  newly 
recognized  animal  viruses  which  are  potentially  important  to  both  animal  and 
human  health. 

Methods  Employed:   Questionnaires  will  be  sent  to  scientists  and  virologists 
in  both  human  and  animal  areas.   This  information  will  be  collected  and 
collated  in  a  Termatrex  data  retreival  system  for  further  analysis. 

Major  Findings:   This  contract  has  just  been  awarded. 

Significance  to  NIAID  Program  and  Bio-Medical  Research:   The  work  of  this 
contractor  should  furnish  a  valuable  bridge  of  information  between  the 
fields  of  animal  and  human  virology. 

Proposed  Course  of  Project:   Data  will  be  collected  over  a  period  of  years. 

Date  Contract  Initiated:   June  1968 

Current  Annual  Level:   $22,551 
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Reference  Reagent  Production 

NATIONAL  COMMUNICABLE  DISEASE  CENTER 

Title:  Stability  Studies  of  Respirovirus  Reagents 

Project  Director;   Dr.  Phillip  H.  Coleman 

Project  Officers;  Mr.  George  S.  Yee 

Objectives;   To  test  respiratory  virus  reagents  presently  being  stored 
for  distribution  for  potency  or  loss  of  potency  during  storage  over  a 
number  of  years.   Tests  will  be  performed  on  seed  virus  and  corresponding 
antiserum  prepared  to  adenovirus  types  1  thru  31,  influenza  viruses,  para- 
m3rxoviruses  and  related  virus  types,  including  Newcastle  Disease  Virus  and 
canine  distemper  virus. 

Methods  Employed;   Seed  virus  will  be  tested  for  infectivity  titer  and 
antiserum  for  homologous  neutralization  titers. 

Major  Findings;   This  project  has  just  been  initiated  but  other  evidence 
indicates  that  the  adenovirus  seed  preparations  have  dropped  in  titer 
during  storage. 

Significance  to  NIAID  Program  and  Bio-Medical  Research;   Preliminary  data 
indicate  that  a  few  adenovirus  seed  preparations  have  dropped  in  titer 
during  storage.   If  confirmed,  methods  will  have  to  be  developed  for 
longer  term  storage  such  as  studies  for  the  lyophilization  of  seed 
preparations. 

Proposed  Course  of  Project;   One  year. 

Date  Contract  Initiated;   June  1968 

Current  Annual  Level;   $24,000 
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INDEX  TO  CONTRACT  NARRATIVES 

Respiratory  Virus  Vaccine  Development 

ABBOTT 

R  &  D  of  Mycoplasma  pneumoniae,  respiratory  syncytial  and  rhinovirus 
vaccines,  40. 

BIONETICS 

Maintenance  of  a  Marmoset  colony  under  strict  isolation  conditions  for 
the  study  of  human  hepatitis  viruses,  18- 

CALIFORNIA  STATE  DEPT.  PUBLIC  HEALTH 

Surveillance  of  viral  respiratory  diseases  and  vaccine  evaluation  in  a 
pediatric  population,  22- 

CHICAGO 

Attenuation  of  rhinoviruses  and  studies  of  the  antibody  response  to 
rhinovirus  infections,  23. 

CHICAGO 

Clinical  trials  of  a  group  A  streptococcus  vaccine,  41. 
CHILDREN'S  HOSPITAL,  COLUMBUS 

Maintenance  of  a  rhinovirus  reference  laboratory,  21 
CHILDREN'S  HOSPITAL,  WASHINGTON,  D.C. 

See  Research  Foundation  of  Children's  Hospital,  Washington,  D.C.,  38. 
COLORADO 

Assessment  of  vaccines  in  pediatric  and  adult  populations,  20. 
FLCW 

Operation  of  a  serology  laboratory,  24. 
FLOW 

To  perform  developmental  studies  relating  to  the  development  of  prototype 
respiratory  syncytial  virus  and  parainfluenza  virus  vaccines,  25. 
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FLOW 

Operation  of  a  tissue  culture  developmental  laboratory,  26. 
FLOW 

Oncogenicity  testing  of  candidate  vaccine  strains,  27. 
GEORGETOWN 

Local  antibody  in  respiratory  disease  immunity,  13- 
HEKTOEN 

Viral  respiratory  disease  and  vaccine  evaluation  in  selected  populations,  35. 
ILLINOIS 

Vaccines  of  immunization  against  viral  respiratory  infections,  32; 
LILLY 

Respiratory  syncytial  virus  vaccine,  12. 
MARYLAND 

The  testing  of  experimental  agents  and  vaccines  in  volunteers,  36. 
MICHIGAN 

Assessment  of  respiratory  disease  vaccines  in  a  total  natural  community,  29. 

NATIONAL 

R  &  D  of  respiratory  vaccines,  (parainfluenza,  adenovirus  and  respiratory 
syncytial),  15. 

NEW  YORK  MEDICAL  COLLEGE 

Prophylactic  and  therapeutic  use  of  interferon  inducers,  33 
NORTH  CAROLINA 

Longitudinal  studies  of  acute  respiratory  disease  in  children,  14. 
OHIO  STATE 

Antigenicity  of  Mycoplasma  pneumoniae  vaccine,  31. 

PARKE,  DAVIS 

Feasibility  Study:   Parainfluenza  Virus  Isolated  Antigen  Vaccine,  34. 
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PENNSYLVANIA 

Development  of  a  live  attenuated  influenza  vaccine,  17. 
PFIZER 

R  &  D  of  respiratory  disease  vaccines,  9. 
RES.  FDN.  OF  CHILDREN'S  HOSPITAL,  WASHINGTON,  D.C. 

Assessment  of  respiratory  disease  vaccines  in  a  pediatric  population,  38. 
ST.  LOUIS 

Antigenicity  and  immunogenic ity  of  Mycoplasma  pneumoniae  vaccines,  11. 
ST.  LOUIS 

Molecular  structure  of  oncogenic  and  nononcogenic  adenoviruses,  37. 
STATE  UNIVERSITY  OF  NEW  YORK 

Vaccine  studies  in  a  children's  center,  39. 

TULANE 

Respiratory  disease  surveillance  and  vaccine  studies  in  the  military  and 
their  dependent  children,  30. 

VERMONT 

Antigens  of  respiratory  syncytial  virus,  10. 
VIRGINIA 

Surveillance  of  respiratory  infections  in  an  industrial  population,  16. 
WASHINGTON 

Prevention  of  viral  respiratory  infections  and  of  rubella,  28. 
WYETH 

R  &  D  of  respiratory  disease  vaccines,  19. 
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Rubella  Virus  Vaccine  Development 
ABBOTT 

R  &  D  of  attenuated  rubella  vaccines,  59. 
ATTENDING  STAFF  ASSOC.  OF  L.A.  COUNTY  HOSPITAL 

Evaluation  of  rubella  virus  vaccines  in  human  volunteers,  60. 

CASE  WESTERN  RESERVE 

Antigenic  components  of  rubella  virus  and  trial  of  live-attenuated  rubella 
vaccines,  51. 

CINCINNATI 

Testing  of  rubella  virus  vaccines,  58. 
CUTTER 

Preparation  of  rubella  virus  vaccine,  57. 
LILLY 

R  6c  D  of  rubella  attenuated  vaccines,  55. 

MICROBIOLOGICAL  ASSOC. 

Characterization  and  propagation  of  live  rubella  vaccine  candidate  strains 
and  production  reagents,  48. 

PARKE,  DAVIS 

Feasibility  study:   rubella  virus  vaccine,  56. 
PFIZER 

Immunogenic ity  of  rubella  virus  for  animals  and  man,  49. 
PHILIPS  ROXANE 

Preparation  of  attenuated  rubella  virus  vaccines  in  canine  kidney,  52. 
PITMAN-MOORE 

Research  and  development  of  an  inactivated  rubella  virus  vaccine,  54. 
STATE  UNIVERSITY  OF  NEW  YORK,  BUFFALO 

Studies  of  live,  attenuated  rubella  vaccine,  61. 
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VANDERBILT 

Field  study  of  live,  attenuated  rubella,  50. 
VERMONT 

Biologic  and  antigenic  studies  with  rubella  virus,  62. 
WYETH 

Rubella  vaccine  development,  53. 

YALE 

Field  trial  and  laboratory  investigations  of  immune  responses  to  rubella 
and  its  antigenic  components,  47. 

Bacterial  Vaccines  Development 

LILLY 

Production  of  specific  immunogenic  polysaccharides  from  various  serological 
types  of  pneumococci,  67. 

PENNSYLVANIA 

Surveillance  of  pneumococcal  disease,  66. 
WASHINGTON 

Surveillance  of  pneumococcal  disease,  68. 

Transplantation  Immunology  Program 

ALBERT  EINSTEIN 

Preparation  of  soluble  purified  H-2  isoantigens,  73. 

AM.  FDN.  BIOLOGICAL  RESEARCH 

Short  term  maintenance  of  mammalian  kidneys  by  continuous  pulsatile  per- 
fusion in  vitro,  74. 

BIONETICS 

Establishment  of  a  primate  pre-clinical  test  center  for  immune  suppres- 
sion, 75. 
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CALIFORNIA,  U.,  LOS  ANGELES 

Evaluation  of  the  role  of  leucocyte  typing  in  kidney  transplantation,  76. 
CASE  WESTERN  RESERVE 

Preparation  of  50  liters  of  rabbit  anti-human  lymphocyte  serum,  78. 
CLEVELAND  CLINIC 

Establish  a  human  tissue  typing  laboratory,  79. 

CORDIS 

Purification  of  complement  components  and  production  of  anticomplement 
reagents,  80. 


DUKE 


Immunological  investigation  of  human  leucocyte  isoantigen  preparations 
obtained  from  established  tissue  culture  cells,  81. 


DUKE 


Characterization  and  development  of  a  soluble  human  tissue  isoantigenic 
preparation  from  continuous  heteroploid  cell  lines,  82. 

DUKE 

Mathematical,  statistical  and  computer  analysis  of  histocompatibility 
testing  data,  83. 

DUKE 

A  regional  reference  tissue  typing  center  and  quality  control  laboratory,  84. 
HYLAND 

R  &  D  in  the  field  of  leucocyte  typing,  86. 

HYLAND 

Isolation  of  the  third  (C'3)  and  fourth  (C'4)  components  of  complement 
from  human  serum,  87. 

IRWIN  MEMORIAL  BLOOD  BANK 

Regional  leucocyte  typing  facility  in  a  community  blood  bank,  88. 
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JACKSON 

Production  of  monospecific  H-2  antisera,  90. 

JOHNS  HOPKINS 

Factors  related  to  survival  and  function  of  bone  marrow  transplants  in 
rats,  89. 

KUAKINI 

Leucocyte  typing  in  Hawaii,  91. 
LANDSTEINER 

Development  and  production  of  monospecific  leucocyte  antisera,  92. 
LEIDEN 

Leucocyte  groups  and  their  clinical  importance,  93. 
MASSACHUSETTS  GENERAL  HOSPITAL 

Histocompatibility  testing  in  man,  94. 

MCGILL 

Preparation  and  use  of  blastogenic  material  for  unidirectional  tissue 
matching,  95. 

M.D.  ANDERSON 

Effects  of  chemotherapy  on  immunological  responses  of  man  and  experimen- 
tal animals,  109. 

MEDICAL  COLLEGE  OF  VIRGINIA 

The  procurement  and  characterization  of  post  transplant  nephrectomy,  96. 

MICHAEL  REESE 

Developmental  program  for  the  obtaining  of  group  specific  leucocyte  typing 
sera  from  multiparous  women,  97. 

MINNESOTA 

Preservation  of  whole  organs  in  vitro  at  subzero  temperatures,  98. 
MINNESOTA 

Establish  a  tissue  typing  center  at  the  University  of  Minnesota,  99. 
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NEW  YORK  BLOOD  CENTER 

Histocompatibility  testing  on  donors  and  recipients  of  organ  grafts  and 
procurement  of  30  liters  of  antileucocyte  serum,  100. 

NEW  YORK  UNIVERSITY 

Preparation  of  human  transplantation  antigens  from  blood  leucocytes,  101. 

NEW  YORK  UNIVERSITY 

The  role  of  leucocyte  group  compatibility  in  human  kidney  transplanta- 
tion, 102. 

NORTH  CAROLINA 

Computational  techniques  in  the  elucidation  of  leucocyte  isoantigen 
system,  103. 

OHIO  STATE 

The  production  of  100  liters  of  horse  anti-human  anti-lymphocyte  serum,  104. 

PARIS 

A  comparative  study  of  serologic  techniques  for  the  detection  of  antileu- 
cocyte antibodies  and  correlation  of  the  results  obtained  with  the  re- 
sponse to  skin  homografts  in  human  subjects,  105. 

PETER  BENT  BRIGHAM  HOSPITAL 

Operation  of  the  kidney  transplant  registry,  106. 

RES.  FDN.  STATE  UNIVERSITY  OF  NEW  YORK 

Characterization  of  some  immunological  phenomena  accompanying  homotrans- 
plantation,  107. 

SCRIPPS 

The  study  of  etiologic  events  and  antigen  antibody  systems  in  human  glo- 
merulonephritis, 108. 

ST.  BARNABAS 

Isolation,  characterization  and  solubilization  of  bacterial  preparations 
active  as  transplantation  antigens,  72. 

TRANSPLANTATION  SOCIETY 

The  Transplantation  Society's  Second  International  Congress,  112. 
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TURIN 

A  collaborative  research  study  in  transplantation  immunology,  110. 

TUSKEGEE 

Production  of  antilymphocyte  serum  in  horses,  111. 
WASHINGTON 

Evaluation  of  typing  techniques  in  clinical  homotransplantation,  113. 

Research  Reference  Reagents  Program 
AARHUS 

To  authenticate  and  certify  mycoplasma  reference  reagents  prepared  to 
human  and  other  mycoplasma  strains,  153. 

ABBOTT 

Production  of  reference  reagents  to  55  prototype  rhinoviruses,  148. 
AMERICAN  TYPE  CULTURE  COLLECTION 

Catalogue  of  arthropod-borne  viruses  of  the  world,  126. 

AMERICAN  TYPE  CULTURE  COLLECTION 

Collection,  registration,   preservation  and  distribution  of  human  and 
animal  viruses  and  rickettsiae,  155. 

AMERICAN  TYPE  CULTURE  COLLECTION 

Development  and  maintenance  of  the  ATCC  collection  of  bacteriophages,  156. 

BALTIMORE  BIOLOGICAL 

To  prepare  and  test  reference  reagents  to  recognized  human  and  animal 
mycoplasma  types,  152. 

BAYLOR 

Enterovirus  antiserum  of  equine  origin,  146. 

BAYLOR 

To  conduct  a  research  study  leading  to  the  preparation  of  reference  re- 
agents to  the  cytomegaloviruses,  151. 
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CALIFORNIA 

Testing  and  certification  of  twelve  mosquito  blood  meal  antisera,  137. 
CALIFORNIA  STATE  DEPT.  PUBLIC  HEALTH 

Production  and  testing  of  arbovirus  research  reference  reagents,  127. 
CALIFORNIA  STATE  DEPT.  PUBLIC  HEALTH 

Certification  testing  of  enterovirus  reference  reagents,  145. 
CARVER  RES.  FDN.  OF  TUSKEGEE  INSTITUTE 

Production  of  antisera  to  rhinoviruses  by  the  immunization  of  goats,  149. 
FLOW 

Preparation  of  reference  reagents  for  various  myxo  and  related  viruses,  143. 
GULF  SOUTH 

Production  and  testing  of  arbovirus  research  reference  reagents,  128. 
INSTITUTE  FOR  COMPARATIVE  BIOLOGY 

Continuation  of  animal  virus  characterization  program,  157. 
KANSAS 

Production  of  enterovirus  reference  reagents,  147. 
LEDERLE 

Production  and  testing  of  arbovirus  research  reference  reagents,  129. 
MIAMI 

Produce  and  test  arbovirus  research  reference  reagents,  138. 

MICROBIOLOGICAL  ASSOC. 

Testing  of  arbovirus  reference  reagents  for  the  presence  of  murine  virus 
and  murine  virus  antibodies.   Production  of  Sarcoma  180/TG  cells,  130. 

MICROBIOLOGICAL  ASSOC. 

Production,  testing,  pooling  and  final  packaging  of  twelve  mosquito  blood 
meal  antisera,  132. 
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NATIONAL  COMMUNICABLE  DISEASE  CENTER 

Production  of  Bwamba  and  Colorado  tick  fever,  133. 
NATIONAL  COMMUNICABLE  DISEASE  CENTER 

Stability  studies  of  respirovirus  reagents,  158. 
NATIONAL  COMMUNICABLE  DISEASE  CENTER 

Certifying  laboratory  for  myxoviruses,  144. 
NAVAL  BIOLOGICAL  LABORATORY 

Arbovirus  propagation  in  selected  tissue  culture  mouse  cell  lines,  134. 
NAVAL  BIOLOGICAL  LABORATORY 

Produce  and  test  arbovirus  research  reference  reagents,  135. 
SOUTHWEST  FDN. 

Production  and  testing  of  arbovirus  research  reference  reagents,  136. 
TUSKEGEE  INSTITUTE 

See  Carver  Res.  Fdn. ,  149. 
VERMONT 

To  test,  identify  and  certify  rhinovirus  reference  reagents,  150. 
WEST  INDIES 

Pre-production  testing  of  arbovirus  reagents,  139. 
WEST  INDIES 

Production  and  testing  of  arbovirus  reference  reagents,  140. 
YALE  ARBOVIRUS  RESEARCH  UNIT 

Testing  and  identification  of  arbovirus  reagents,  141. 
YALE  ARBOVIRUS  RESEARCH  UNIT 

Production  of  arbovirus  grouping  ascitic  fluids,  142. 
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NATIONAL  INSTITUTE  OF  ALLERGY  AND  INFECTIOUS  DISEASES 
ANNUAL  REPORT  OF  THE  DIRECTOR  OF  INTRAMURAL  RESEARCH 

INTRAMURAL  RESEARCH  PROGRAM 
July  1967  -  June  1968 

The  year  has  again  been  marked  by  change.   Senior  Public  Health  Service 
officers  reaching  retirement  eligibility  are  optioning  to  seek  new  careers 
in  academic  life.   This,  together  with  the  more  usual  departures  and  arrivals, 
has  led  to  several  regroupings  of  scientists  and  changes  in  program  emphasis. 

Dr.  Sheldon  Wolff  was  appointed  Clinical  Director  after  serving  as  Acting 
Clinical  Director  since  July  1966.   With  his  selection  in  the  early  fall  be- 
gan an  active  recruitment  campaign  to  add  young  and  vigorous  scientists  to 
the  Laboratory  of  Clinical  Investigation.   In  selecting  personnel.  Dr.  Wolff 
has  made  a  deliberate  effort  to  diversify  clinical  investigations  with  a  long- 
range  goal  of  developing  parallel  programs  of  research  on  allergy,  immune 
disorders,  subacute  and  chronic  inflammatory  diseases,  and  acute  infectious 
diseases.   He  has  elaborated  on  this  in  his  summary. 

Dr.  Maurice  Landy  left  his  post  as  Chief,  Laboratory  of  Immunology, in  Septem- 
ber to  transfer  to  the  position  of  Head  of  the  Allergy  and  Immunology  Branch, 
Extramural  Programs,  NIAID.   Search  for  a  successor  began  in  the  spring  of 
1967  and  culminated  in  December  with  the  agreement  of  Dr.  Baruj  Benacerraf  to 
accept  appointment  as  Chief  of  the  Laboratory.   Two  other  physicians  and  a 
visiting  scientist  working  with.  Dr.  Benacerraf  at  the  New  York  University 
School  of  Medicine  were  also  appointed.   Plans  were  completed  for  the  consoli- 
dation of  the  Laboratory  of  Immunology  into  one  area  of  the  11th  floor  of  the 
Clinical  Center  by  an  exchange  of  space  with  the  Laboratory  of  Clinical  Inves- 
tigation and  for  an  increase  in  space  available  to  both  laboratories  by  a  move 
of  the  Cell  Biology  Section  of  the  Laboratory  of  Biology  of  Viruses  from  its 
present  space  in  the  Clinical  Center  to  Building  5. 

Dr.  Karl  Habel  retired  and  Dr.  Norman  Salzman  was  appointed  as  Chief,  Labora- 
tory of  Biology  of  Viruses  (LBV).   Scientists  engaged  in  virological  research 
reviewed  their  present  and  future  programs  and  agreed  that  certain  regroupings 
would  be  desirable.   The  prospective  transfer  in  1968  of  Dr.  Robert  J.  Huebner 
to  the  Etiology  Program  of  the  National  Cancer  Institute  was  a  major  factor  in 
these  considerations.   Dr.  Huebner 's  transfer  was  motivated  by  his  desire  to 
devote  full  time  efforts  to  guidance  of  a  contract  program  aimed  at  definition 
of  the  relation  of  viruses  to  human  leukemia  and  sarcoma.   Drs .  Baron,  Mattern, 
Levy,  Takemoto,  and  DuBuy  of  LBV  transferred  to  the  Laboratory  of  Viral  Diseases 
(LVD)  to  create  a  new  Section  of  Cellular  Virology  which  joined  interests  with 
Dr.  Rowe  on  an  expanded  program  of  research  in  oncogenic  viruses,  "slow"  or 
chronic  virus  infections, and  the  mechanisms  of  action  of  antiviral  substances. 
Late  in  the  year,  the  Director,  NIH,  approved  reestablishment  of  the  Laboratory 
of  Infectious  Diseases  (LID)  to  be  made  up  of  the  Respiratory  Virus  and  Epi- 
demiology Sections  of  the  Laboratory  of  Viral  Diseases  with  Dr.  Robert  Chanock 
as  Chief  of  the  Laboratory.   Because  of  the  lateness  of  this  action,  the  work 
of  this  new  laboratory  is  still  reported  under  LVD. 


The  NIAID  Board  of  Scientific  Counselors  completed  a  two-year  review  of  the 
intramural  programs  related  to  "tropical  medicine"  or  the  more  recent  synonym 
"geographic  medicine."   This  review  included  visits  to  Rocky  Mountain  Labora- 
tory, the  Middle  America  Research  Unit,  the  Pacific  Research  Section  of  the 
Laboratory  of  Viral  Diseases,  and  the  Laboratories  of  Parasitic  Diseases  and 
Parasite  Chemotherapy;  it  also  included  the  former  Laboratory  of  Tropical 
Virology.   The  Board  recommended  that  the  intramural  program  continue  strong 
research  programs  in  parasitic  diseases,  rickettsiology,  medical  entomology, 
and  arbovirology.   This  recommendation  was  based  on  their  views  that  there 
was  a  national  need  for  continued  competence  in  these  areas,  that  the  univer- 
sities could  not  be  depended  upon  to  maintain  such  competence,  and  neither 
could  the  military  in  times  of  peace.   The  Board  also  indicated  that  current 
levels  of  support  to  these  areas  of  research  within  NIAID  was  probably  a 
reasonable  share  of  the  total  resources  available. 

At  their  spring  meeting,  the  Board  of  Scientific  Counselors  reviewed  the  NIH 
Associate  Program  and  the  work  of  the  Associates  in  NIAID.   They  were  im- 
pressed with  the  excellence  of  the  men  in  the  program,  the  opportunities  for 
obtaining  a  solid  base  of  training  and  experience  for  later  careers  in  research, 
and  the  productive  research  accomplished  by  the  Associates. 

Highlights  of  the  intramural  research  program  can  be  found  in  the  reports  of 
the  individual  laboratories.   Despite  the  many  changes,  the  research  has  been 
productive.   Of  particular  interest  and  importance  have  been  the  studies  on 
infectious  mononucleosis  in  the  Laboratory  of  Clinical  Investigation,  on 
soluble  transplantation  antigen  in  the  Laboratory  of  Immunology  which  has  now 
been  confirmed  in  man  in  the  recent  collaborative  work  with  Dr.  Ceppellini, 
and  on  the  adverse  effect  of  inactivated  vaccine  on  respiratory  syncytial 
virus  infections  in  the  Laboratory  of  Viral  Diseases. 

The  SEATO  Cholera  Research  Program  activities  are  reported  annually  to  the 
Secretary-General,  SEATO,  by  the  Director,  NIH,  and  more  detail  of  the  year's 
activities  can  be  found  in  that  report.   There  was  little  cholera  in  East 
Pakistan  throughout  the  usual  season,  and  the  planned  evaluations  of  booster 
doses  of  standard  American  commercial  vaccine  in  persons  who  received  various 
schedules  of  immunization  last  year  could  not  be  made.   Further  studies  of  the 
bi-directional  fluid  and  electrolyte  fluxes  in  the  small  intestine  of  cholera 
victims  during  and  after  the  acute  disease  were  carried  out,  and  the  data 
provide  further  evidence  of  the  impaired  absorption  of  sodium  during  the  acute 
stage . 

Intensive  work  on  the  role  of  toxin  in  the  diarrhea  has  been  carried  out  at 
the  Pakistan- SEATO  Cholera  Research  Laboratory  (PSCRL) .   Immunization  of 
rabbits  with  the  several  vaccines  which  have   been  shown  to  be  effective  in 
protecting  humans  against  cholera  did  not  prevent  the  fluid  and  electrolyte 
accumulation  in  intestinal  loops  challenged  with  crude  vibrio  culture  filtrates 
"toxin."   Immunization  with  the  filtrate  did  provide  protection  against  the 
challenge.   Mixture  of  toxin  and  immune  antisefa  prior  to  challenge  or  simul- 
taneous introduction  of  both  into  the  loop  negated  the  toxin  effect.   Intro- 
duction of  antisera  a  few  minutes  after  the  toxin  did  not  prevent  the  toxin 
effect. 


Monovalent  Ogawa  and  Inaba  cholera  vaccines  were  studied  in  volunteers  by 
investigators  at  the  University  of  Maryland  under  contract  to  the  program. 
Each  monovalent  vaccine  stimulated  a  heterologous  antibody  rise  to  the 
other  serotype.   The  monovalent  vaccines  caused  less  local  discomfort  than 
did  standard  vaccines  containing  both  serotypes.   A  commercially  prepared 
cholera  vaccine  found  to  contain  significant  amounts  of  the  skin  permeability 
factor  (SPF)   did  not  change  the  skin  test  response  of  volunteers  to  SPF. 

Two  large  lots  of  freeze  dried  crude  culture  filtrates  were  prepared  under 
contract.   One  1500  liter  lot  was  prepared  following  the  methods  of  Craig; 
the  other  1500  lot  was  prepared  using  a  modification  of  the  Finkelstein 
methods  for  preparation  of  "choleragen."  Both  preparations  were  shown  to 
have  a  high  titer  of  SPF  and  to  be  active  in  the  canine  cholera  model  by 
Carpenter  and  his  associates  at  Johns  Hopkins  University  School  of  Medicine. 
These  crude  "toxins"  are  being  made  available  to  all  investigators  as  a 
standard  crude  culture  filtrate  which  will  enable  investigators  to  compare 
data  from  laboratory  to  laboratory.   They  also  provide  large  quantities  of 
crude  material  for  investigators  who  are  attempting  to  isolate  and  identify 
the  fraction  which  causes  the  disturbed  intestinal  physiology. 


LABORATORY  OF  CLINICAL  INVESTIGATIONS 


Simimary 1 

10(c)  -  Office  of  the  Chief 8 

11(c)  -  Clinical  Care  Program  in  Support  of  Research 

Projects 10 

12(c)  -  Mechanisms  of  Fever  and  Host  Responses 11 

lU(c)  -  Clinical  Investigations  in  Viral  Infections 

and  Diseases 22 

15(c)  -  Investigations  in  Allergy- Immunology 26 

16(c)  -  Clinical  Investigations  in  Parasitic  Infections 

and  Diseases 30 

18(c)  -  Systemic  Fungal  Disease 36 

19(c)  -  Leprosy kO 

22(c)  -  Clinical  and  Basic  Immunology:   The  Role  of  the 
Circulating  LyHjjhocyte  in  Immunologic  and 
Infectious  States lj-3 

23(c)  -  Observations  on  the  Canine  Immiinoglobulins  ...  5^ 

2i|-(c)  -  Isolation  and  Purification  of  the  Diarrheagenic 

Toxin  from  Vibrio  cholera '  ...  56 


Summary  of  Program 

Laboratory  of  Clinical   Investigations 

July  1,    1967  -  June  30,    1968 

Sheldon  M.  Wolff,   M.   D.,  Chief  of  Laboratory 
and  Clinical  Director,    NIA.ID 

Introduc  t  ion 

The  past  year  began  with  considerable  uncertainty  and   turmoil  for  the 
Laboratory  of  Clinical   Investigations   due   to   the   small  number  of  permanent 
professional  staff  and  the  continued  lack  of  a  permanent  chief.      In  marked 
contrast,   the  year   is   ending  with  unusual  activity  and  much  cause   for  optimism 
as  regards   the   future   of  the  clinical  programs   of  the  National   Institute  of 
Allergy  and   Infectious  Diseases.     The  appointment  of  a  permanent  Chief  of  the 
Laboratory  of  Clinical   Investigations  and  Clinical  Director  of  the  National 
Institute  of  Allergy  and   Infectious  Diseases  during  the  past  year  has  been 
responsible  for  considerable  stabilization  amongst  the  staff  and  has  allowed  us 
to  successfully  recruit  the  nucleus  of  what  will  surely  be  a  very  strong  and 
active  group  of  investigators.     The  direction  of  the  future  programs  of  the 
Laboratory  of  Clinical   Investigations  has  begun  to  take  shape  and  although   it 
is  anticipated  that  it  will  be   18  to  24  months  before  the  staff  is   fully 
recruited  and  the  new  programs  are  underway,   the  changes  are  already  in  evi- 
dence. 

The  programs  of  the  Laboratory  of  Clinical   Investigations  will  be   con- 
siderably broader   in  the  future  than  at  any  time   in  the  past.     The  mycology 
program,  under  the  direction  of  Dr»  John  Bennett,  will  continue  to   investigate 
nycotic  diseases  and,    in  particular,   studies  concerning  some  of  the  antigenic 
properties  of  fungi  and  other  aspects  of  their  inmunology  will  be  emphasized. 
Although  considerably  smaller   in  size   than   in  the   past,   the  virology  program 
will  continue  to  actively  study  the   pathogenesis   of  certain  viral  diseases. 
Dr.  Julius  A.  Kasel  has  assumed  all  the  responsibilities  of  LCI's  virus  research 
and  the   immunogenec ity  of  some  vaccines  and   the   immune  responses  elicited  will 
continue  to  be  a  major  research  activity  of  this  group.      Investigations  concerned 
with  immunology,  allergy,  cell  biology  and  host  responses  will  be  strengthened 
and  broadened   in  the  future.     The  Clinical  Director  and  Chief,   Laboratory  of 
Clinical  Investigations  will  continue  to  study  the  pathogenesis   of  fever  and 
host  responses  to   infections  and  other  diseases.     Dr.  Harry  Ro  Kimball,  pres- 
ently at   the  University  of  Washington  School  of  Medicine  and  previously  a  mem- 
ber of  LCI  will  return  in  July,    1968  to  assume  a  permanent  position.     He  will 
begin  studies   on  the   inflammatory  response  and  the  pathogenesis   of   inflamma- 
tion.    Dr.  John  Sheagren  will  continue  to  investigate  the  function  of  the  reticu- 
loendothelial system  in  man  and  experimental  animals.      Dr.   Richard  Root,   pres- 
ently a  member  of  the  Laboratory,  will  leave  for  one  year   (under  P.  H.   S. 
sponsorship)  to  be  Chief  Resident   in  Medicine  at  the  University  of  Washington 
School  of  Medicine.     Upon  his   return.   Dr.   Root  will  continue  his   studies   on 
endogenous  and  leucocytic  pyrogen  and  the  phagocytic  and  other  properties  of 
leucocytes.     Dr.  John  Johnson  will  continue   the  studies   he  has  begun  dealing 
with  a  variety  of  problems    in  iramunochemis try .     Dr.  Michael  Frank,    formerly  of 


the   National   Institute   of  Child  Health  and  Development  has   just  joined   the 
Laboratory  and    in  addition  to  providing  the  clinical   service  with  a  qualified       (• 
pediatrician,   he   represents  additional  strength    in  immunology.     Dr.    Frank  will    ^ 
conduct  research  dealing  with  serum  complement  and  other  problems   related   to 
immunoglobulins.      In  September,    1968,   Dr.  Charles   Kirkpatrick,    presently  Chief, 
Clinical   Immunology  and  Allergy  Services  at  the  University  of  Kansas   School  of 
Medicine  will  be   joining  the  Laboratory.      Dr.   Kirkpatrick  will   investigate 
problems    in  lymphocyte  biology,   delayed  hypersensitivity  and  chronic  obstructive 
pulmonary  disease.      On  July   1,    1968,   Dr.  Alan  Rosenthal,   National  Heart 
Institute,  will  become  a  member  of  LCI.     Dr.   Rosenthal  will  set  up  and  run  an 
electron  microscopy   laboratory.      It   is  anticipated   that  this  will  take 
approximately  one  year  and  we  are  therefore  making  arrangements   to  temporarily 
detach  Dr.   Rosenthal   to   the   Pathology  Department  of  the  Vanderbilt  University 
School  of  Medicine   to  work. 

During  the  coming  year,   recruiting  efforts  will  be  centered  around  ob- 
taining,   if  possible,    one   other  senior   investigator  who   is    interested   in  prob- 
lems of   immediate  hypersensitivity,   atopy,   clinical  allergy,   etc.      In  addition, 
individuals    interested   in  other  areas   of  microbiology,    for  example,   drug 
resistance,   chronic    infections,    parasitology,    etc.  will  be   sought   depending 
upon  available  space  and   positions.      The  aim   in  recruiting  has  been  to  attract 
not   only  competent,    independent   investigators,   but  also  to  be  sure   that   these 
scientists  are  also  capable  and  skilled  clinicians  who  are    interested   in  clini- 
cal  investigation.      It   is   our   feeling   that   the  men  recruited   thus   far  are  all 
excellent  scientists  and  clinicians.      In  addition,    individuals  were   sought  who 
would   not  only  provide   the  Laboratory  and   the    Institute  with  the  widest   possi- 
ble  range  of   interests  but  who  would  also  complement  each  other.     Again,   we 
believe  that  we  have  been  successful.      In  the   future,  we   plan  to  study  patients  (J 
from  the  widest  variety  of  approaches,    thus    leading   to   in  depth   studies   covering 
a   number  of  disciplines  and   individuals.      Furthermore,    the   proposed  diversity 
and  depth  of  the  senior  staff  should   prevent  any  repetition   in  the   future   of 
the  past  two  years   during  which   the  departure   of  one  group   left   the  Laboratory 
bereft  of  senior  staff. 

It    is   the  Clinical  Director's   belief  that  the  arrival  on  July   1,    1968 
of  a   new  group  of  Clinical  Associates  will  be  another   important  step   in 
strengthening  LCI  since   this  group  will  be   the   first  one  committed  to  staying 
three  years.      Not   only   the  staff  and  Clinical  Associates,   but  the    Institute 
should  benefit   from  the   presence   for   longer  periods   of   time   of  these  bright 
and  energetic  young    investigators.      The  anticipated  moves  and  renovations   dur- 
ing  the  coming  year  should  also  be  very  helpful  to   the  members   of  LCI,   and  we 
are   looking   forward  to   it.     We  have   planned   for  useful  central   facilities   that 
should  greatly   increase   the  use  of  equipment  and  decrease  duplication.      Simi- 
larly, we  shall  have   library  facilities   for  the   first   time. 

The   staff  of  LCI  looks   forward  to  the  arrival  of  the  new  Chief  of  the 
Laboratory  of   Imnunology;   Dr.   Benacerraf  and  his   staff  will   indeed  enhance   the 
scientific  eminence  of  NIAID.     With  the  obvious   strength   in  clinical   immunology 
that  LCI  has  acquired,   we  are  anticipating  close   collaboration  and  cooperation 
between   the   two  Laboratories. 
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In  last  year's   report,  we  noted  that  Dr.   Lawrence  Chess  in  was   joining 
us  and    in  view  of  his  accomplishments    it   is  difficult  to  realize  that  he  has 
indeed  only  been  in  LCI  for  one  year.     An  active  and  productive  program  in 
lymphocyte  biology  was  established,   and   I  am  sorry  to  note  that  Dr.   Chess  in 
will  shortly  be  departing   to  assume  duties  as  Assistant  Professor  of  Medicine 
at   the  University  of  Rochester  School  of  Medicine. 

Finally,  as  we   review   the  previous  year  and  so  optimistically  anticipate 
the   next,  we  would   like   to  acknowledge  the    immense   help  and  support  that  we 
have  received  from  the  Director,    Intramural  Research,   National   Institute   of 
Allergy  and   Infectious  Diseases.      The   staffing,   equipping  and  all  of  the   other 
tasks   of  building  a  strong   clinical   investigations   program  have  been  made 
easier  thanks   to  the   interest  and  encouragement   that   has   been  offered. 

Scientific  Developments 

Mycology.     Dr.   John  Bennett  and  his  group  have  prepared   improved  group 
and  species   specific  antisera  to  C.   ne  of  or  mans,  which  has   proved  useful   in 
rapid   identification  of  the  fungus  and  has   demonstrated  a  marked  disparity   in 
the  geographic  distribution  of  serotypes. 

A  promising  skin  test  antigen  from  Cryptococcus  neoformans  has  been 
characterized  as  a  small  molecular  weight  basic  glycoprotein.     Cross   reactivity 
between  this  antigen  and  Blastomyces   dermatitidis   has   been  noted   in  man  and  ani- 
mals but  concomitant  skin  testing  with  a  newly-devised  Blastomyces  antigen  has 
appeared  useful,    in  preliminary  studies,   to   identify  correctly   the  sensitizing 
fungus.     Until  reliable  and  specific   skin  test  antigens  are  available,    research 
on  the  epidemiology  and  course   of  most  fungal  diseases  will  be  hampered. 

Canine   immunog lobu 1 ins .     Studies  by  Dr.   John  S.  Johnson  of  a  canine 
myeloma  protein  have  demonstrated  the   720  class   of   immunoglobulin  to  cross 
react  with  Y2a  b  through  heavy  chain  determinants.     Canine   •Y2a  b  ^".^  VM  have 
been  shown  to  cross   react  antigenically  with  human  VG  and  YM  respectively. 
Intermediate  SVi    has   been  isolated   from  canine  colostrum  and  shown  to  exist  as 
predomiiHtely  S   20  w   •'••'■  inaterial.     No  antigenic  cross   reactivity  has   been 
demonstrated  between  this  class  and  the  other  principal  colostral   immunoglobu- 
lin,   7SYi.      '^'^^   7SY]^   isolated   from  colostrum  possesses  a  sedimentation  coeffici- 
ent  of   6.6S''20  w  which   is    identical   to   its   serum  counterpart.      The   ysVi  class   of 
immunoglobulin  which  represents   non-precipitating  antibody   in  the  dog  has  been 
shown  to  have  a  valence   of  two  using   anti-DNP  hapten  antibody.     Preliminary  evi- 
dence   indicates    identical  molecular  weights   for  heavy  chains   from  7SYi  ^^^  ^2a  b 
preparations   suggesting   that  they  are  all  subclasses   of  VG.     Preliminary   immuno- 
fluorescence  studies   show  many   llSY^  containing  cells    in  the  parotid  gland  and 
canine    ileum  strengthening   the    impression  that   this  class   of   immunoglobulin   is 
the  canine  analogue  of  human  yA.     Current  emphasis    is  being  placed  on   investiga- 
tion of   the  biosynthetic   capabilities   of  canine   lymphocytes  and  further  efforts 
at  elucidation  of  the  reasons   for  non-precipitability  of   bivalent   7SYt.     The  dog 
provides  a  useful  experimental  model   for  human  and  allergic   disease  and   the 
studies  currently  underway  by  Drs.   Johnson  and  Reynolds  will   immeasurably  aid 
in  understanding  the   immunology  of  the  dog. 
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cholera  diarrheagenic   toxin.     Dr.   Johnson,    in  collaboration  with  the 
group  at  Johns  Hopkins,   has   studied  supernatent   fluids   from  cultures   of  Vibrio 
cholerae  organisms  and   shown   it   to  contain  less   than  2%  protein.      This  material 
contains  over  20  different  electrophoretic  species  on  polyacrylamide  disc  gel 
electrophoresis.      It  apparently  aggregates   freely  and  exists  as   principally 
four  sedimentating   species   of  greater  than  30S   sedimentation  coefficient.     The 
material   remains  active   in  spite   of   its   tendency  to  show  aggregation  but 
activity   is    lost  during  extensive   fractionation  procedures. 

Rabbit   IgA.      In  collaboration  with  Dr.  Rose  Mage,   of  the  Laboratory  of 
Immunology,   Dr.  Alexander  Lawton,    III  has  studied  the  structure   of  secretory   IgA 
in  the  rabbit.     Quantitative   precipitation  experiments   using  specific  antisera 
directed  against  b   locus  allotypic  determinants   have   revealed  that  colostral   IgA 
isolated  from  heterozygous   rabbits   does   not  contain  hybrid  molecules.      It  has 
also  been  demonstrated  that  dissociation  of   the    intact  secretory   protein  results 
in  the   formation  of  hybrid  molecules  containing  both  the  b4  and  b5  determinants. 
These  data   provide  evidence  that  the  secretory   protein  may  be   produced  as  a 
dimer  rather  than  assembled   from  7S  subunits   such  as   found   in  serum. 

Dr.   Lawton  and  Dr.   Wilton  Vannier,   formerly  of  the  Laboratory  of   Immunology, 
have  shown  that  homologous   skin  sensitizing  antibody   in  the   rabbit  does   not  belong 
to  any  of  the  presently  known   immunoglobulin  classes   of  the   rabbit,    i.e.,    IgG, 
IgA,  and   IgM.     Antisera  have  been  developed  which  are  apparently  specific   for 
the   skin  sensitizing  antibody.      It   is   postulated  that   this  as  yet  undefined 
class   of   immunoglobulin  nay  be  analogous   to  the    IgE  class   recently  described   in 
humans . 
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Immunogenetics «     Miss  Rose  Lieberman  and  Dr,  Michael  Potter   (National  ^ 

Cancer   Institute)  have  prepared  antibody  to  various   fragments   of  myeloma    inmuno- 
globulin  molecules    including   the  Fab  and  Fc   fragments.     Antibody  to  Fab   fragments 
identify   the  specific   sites    involved   in  antibody  synthesis  and   is   useful   in 
determining   the  heterogenic ity  of  antibody  molecules.     Antibody   to  the   Fc   frag- 
ments  serve  as  genetic  markers   to  determine   the    immunoglobulin  and   the  chain 
involved.     Both  types   of  antibodies  are   useful   in  determining   the  mechanism  of 
antibody  production  as  well  as    its  genetic  control. 

Immunoglobulin  heavy  chain  chromosome   types   have  been  found    in  wild  mice 
that  could  only  have   occurred  by  gene  crossover.     From  the  results   of  gene 
segregation  obtained  by  cross  breeding  experiments  with  wild  and    inbred  strains, 
it   is   possible   to  elucidate  genetic  mechanisms   necessary   to  evolve  new  strains. 

Route  of  administration  of  vaccines.     Dr.   Julius   Kasel  and  his   coworkers 
have  continued   to  study   the    immune  response   to  vaccines.      Nasopharyngeal  ad- 
ministration to  volunteers   of   inactivated   influenza  virus  vaccine  stimulated   the 
production  of  neutralizing  secretory  antibody  more  efficiently  than  did  sub- 
cutaneous vaccination.      The  magnitude,   duration  and   immunoglobulin  class   of 
secretory  antibody  responses    in  the  former  group  resembled  those  which  occurred 
among    individuals  given   infectious  virus  by  the  respiratory    route.     Although 
serum  antibody  titers  were  higher    in  men  vaccinated  subcutaneous ly   or   infected 
experimentally,    it  was   found  that  significant  antibody   titers   did  occur   in  per- 
sons   immunized  nasopharyngeally .     The  results   of  these  studies   suggest   that  vac- 
cination by  the  respiratory  route  with   inactivated  vaccine  may  be  a  useful  yi 
method   in   influenzal  prophylaxis.                                                                                                          CI 
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Cellular   immunology.     During   the  course  of  the  past  year,   several  new 
areas  of   investigation  and  significant  findings  have  been  made    in  cellular 
immunology.     Sensitive    immunochemical  and   in  vitro  methods  were  devised  by 
Drs.   Lawrence  Chess  in  and  Philip  Glade   in  collaboration  with  Drs .  Richard 
Asofsky,   William  Terry  and  Ralph  Reisfeld  for  examining  the  biosynthetic  capa- 
bilities  of  circulating  cells    in  man  and  experimental  animals.      From  a  basic 
immunological  standpoint,   studies  by  Drs.  Chessin  and  Glade  have  clearly  demon- 
strated that  circulating   lymphocytes   synthesize    immunoglobulins,    possess 
immunologic  memory  and  have  the  potential  for   long-term  proliferation  in  vitro. 
When  many  of  these   techniques  were  employed   in  a  comprehensive  clinical  and 
laboratory  study  of  the  role  of  the  circulatory   lymphocyte   in  infectious  mono- 
nucleosis,  Drs.   Chessin^   Glade  and  Kasel  were  able   to  clearly  demonstrate   that 
these  cells  have  the  potential  for  long-term  proliferation  in  vitro.     These 
continuous  cell  lines  have  a  fundamental  lymphoid  character  and  have  been 
extremely  useful   in  characterizing  newly  synthesized   inununoglobulin  molecules. 
In  addition,   these  cell  lines  also  synthesize   interferon   (Drs.  Ashley  Haase 
and  Julius  Kasel)  and  have  at   least  two   identifiable  viral  particles    (Dr.  Harold 
Moses,   NIAMD).      In  collaboration  with  Drs.   Yashar  Hirshaut    (NCI)  and  Moses, 
evidence  has  been  presented  that  the  viral  particles  present   in  these  cell  lines 
may  be  of   importance   in  the  etiology  and  the  pathogenesis  of   infectious  mono- 
nucleosis.    At  present,   further  studies  are   in  progress  to  precisely  delineate 
the  role,  structure  and  function  of  these  agents  as   pathogens. 

In  collaboration  with  Drs.  Marlys  Witte  and  William  Cole    (Washington 
University)  many  of  the   iimminological  and   immunochemical  properties  of  thoracic 
duct  lymphocytes  and  fluid  have  been  characterized. 

Dr.  Chessin  has  been  able  to  demonstrate  that  burro  lymphocytes  synthesize 
specific  antibody   vci  vitro. 

Reticuloendothelial  system.     Studies  of  the  reticuloendothelial  system  of 
man  and  experimental  animals  have  been  conducted  by  Dr.  John  Sheagren.      It  has 
been  shewn   (in  collaboration  with  workers    in  NCI)   that  patients  with  Burkitt 
lymphoma  have  little  change   in  phagocytic  function.      In  collaboration  with 
Dr.  William  Ashburn  (CC),  aggregated  albumin  has  been  labeled  with  Technitium 
99m  and  has   potential  usefulness  as  a  diagnostic  aid   in  visualizing  the  liver 
with  a  gamma  camera.     Mice   infected  with  experimental  malaria  have  slightly 
accelerated   I.  V.  clearance  of  colloidal  substances.     NZBl  mice  have  accelerated 
clearance  of  colloids  as  compared  to  control    (CH~  and  Balb/c)  mice. 

Malaria.     Drs.  Rob  MacGregor  and  John  Sheagren  have  shown  that  the  pro- 
tection by  endotoxin  against  malaria   infection  in  mice   is  not  due  to  enhanced 
RES  clearance  or  increases    in  specific  antibody  production.     Further,    in  col- 
laboration with  Dr.  Lay  Fox,   NNMC,  and  Dr.  Chessin,    it  has  been  demonstrated 
that  human  malaria  results    in  some    increase   in  RES  clearing  capacity  and  that 
cultured  lymphocytes  from  patients  with  malaria  produce  mainly  "yM  early   in  the 
infection. 

Leucocytic  pyrogen.     Dr.  Richard  Root  has  demonstrated  that  human  leuco- 
cytes can  be  stimulated   in  vitro  with  endotoxin,  heat-killed     S.  albus  and  etio- 
cholanolone  to  produce  a  pyrogen  which   is  similar  in  biological  and  chemical 
properties  to  rabbit   leucocytic  pyrogen.     Only  granulocytes  and  monocytes  are 
capable  of  pyrogen  production.     A  negative   feedback  mechanism  appears   to  govern 
release  of  pyrogen  from  stimulated  cells. 

5 


circulating   leucocytes  obtained  from  patients  made  febrile  with  endo- 
toxin or  etiocholanolone   or  undergoing   fevers   of  disease   origin  do  not  spon-        M 
taneously  release  pyrogen  in  vitro.     On  the  other  hand,  such  cells  appear  to  i 

be    less  responsive  to  stimulation  with  endotoxin  or  S.  albus,   suggesting   that 
their  capacity  to  produce   pyrogen   is  reduced  during   fever.      This  may  represent 
an  "exhaustion"   phenomenon  or  may  merely  be   related  to   the    immaturity  of  the 
cells  circulating  at  the   time  of  study. 

Measurement  of  granulocyte  reserves.     The  studies  noted   in  last  year's 
report  by  Drs  .  Harry  Kimball,   Sheldon  Wolff  and  Seymour  Perry    (NCI)   showing 
that  etiocholanolone    is  a  useful  tool   in  estimating  granulocyte   reserves   has 
led  to  wide  acceptance  of  this   test    in  patients  with  neoplastic   disease  under- 
goii^   therapy.      During   the  past  year,    it  has   been  shown  that  patients  with 
Felty's   syndrome,   chronic  hepatitis,   cyclic  neutropenia  all  have    inadequate 
marrow  granulocyte  reserves  and  that  these  abnormalities  may  be  due  to  a  humoral 
factor. 

Chediak-Higashi  syndrome.     For  the  past  year  we  have  had  an  unusual 
opportunity  to  study  four  patients  with  the  Chediak-Higashi  syndrome,   a  rare 
disease  which  has  as  one  of  its  characteristics  recurrent  episodes  of  pyogenic 
infections.     These   studies  have    involved  a  variety  of  collaborators   from  within 
the  NIH  and  elsewhere.     The  primary   investigators  within  LCI  have  been  Drs.  j 

Ralph  Blume,   Richard  Root  and  Sheldon  Wolff.  I 

Leucocytes  obtained  from  patients  with  the  Chediak-Higashi  syndrome  show 
impaired  degranulation  following  phagocytosis  of  S_.  albus  or  S^,  aureus ;  however, 
this    is   not  reflected   in  a  parallel  defect    in  the  killing  of  bacteria.     The  ^ 

rate  of   ingestion  of  S.  aureus  by  phagocytes    is  within  normal   limits    irrespecti\(; 
of  disease  stage.     Cells  which  have   ingested  heat-killed  bacteria  or  are  activa- 
ted by    incubation  with  endotoxin  produce  excessive  amounts  of  pyrogen.      This 
excessive  release  appears  to  be  related  to  a  failure  of  the  negative  feedback 
control  system. 

Measurement  of  serum  muramidase   levels,    leucokinetic   studies  and   investi- 
gation of  the  narrow  granulocyte  reserves  by  techniques  developed   in  this  Labor- 
atory have   shown  that  the  granulocytopenia  of   the  Chediak-Higashi  syndrome   is 
due   to    intramedullary  granulocyte  destruction. 

Since  giant   lysosomes  are  one  of   the  hallmarks   of   this  syndrome  and  ' 

these  are  membrane -bound,   studies   of  these  subcellular  particles  have  been  per- 
formed  in  collaboration  with  Dr.  Julian  Kanfer    (NINDB).      Sphingolipid  content 
of  the   peripheral  granulocytes    in  the  Chediak-Higashi  syndrome    is  reduced 
despite  the   fact   that   the   cells  are   synthesizing  and  degrading   sphingolipids 
at  an  accelerated  rate,   suggesting    increased  turnover  of  these  cellular 
constituents. 

Steroid  therapy.     Studies    in  our  Laboratory  have  shown  that  many  patients 
being  treated  with  daily  doses   of  corticosteroids   for   inflammatory  and  auto- 
immune disorders   can  be  maintained  on  an  alternate -day  dosage  regimen.     Studies 
have  been  performed  by  Drs,  Rob  MacGregor,   John  Sheagren  and  Sheldon  Wolff, 
which  have  demonstrated  that  despite  marlced  therapeutic  effects,   none  of  the 
toxic  side  effects   seen  with  daily  therapy  are  seen  on  the  new  regimen.     This 
obviously  has    important  practical    implications,  (' 


Endotoxin- induced  resistance  to  fungal   infections.     Previous  work  in  LCI 
by  Drs.  Harry  Kimball  and  Sheldon  Wolff  and   lately  carried  on  by  Dr.  Larry 
Wright  demonstrated  that  mice  can  be  significantly  protected  from  challenge  with 
G.  albicans  by  prior  treatment  with  bacterial  endotoxin.     The  protection 
observed  24  hours  after  endotoxin  can  be  passively  transferred  by  serum  to  nor- 
mal mice.     Accelerated  clearance  of  C.  albicans  organisms  from  the  blood  stream 
of  animals  receiving  endotoxin  24  hours  before  may  explain  the  protection  seen. 
The  protection  observed  six  days  after  endotoxin  was  not  passively  transferable, 
but  serum  obtained  at   this    time  was    found  to  be  markedly   inhibitory   to  the 
growth  of  Co  albicans    in  vitro. 
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Project  Description: 

Objectives: 

To  develop,  direct  and  coordinate  the  program  of  the  Laboratory,  as      \ 
defined  in  the  individual  research  projects;  where  necessary,  to  redirect 
individual  projects  to  meet  current  needs  and  advances  in  the  field;  to 
align  clinical  projects  with  patient  availability;  to  provide  an  unexcelled 
standard  of  patient  care  for  patients  utilized  in  research. 

Methods  Enqjloyed: 

Organize  available  staff  and  recruit  qualified  personnel,  both  pro- 
fessional and  sub-professional,  to  develop  the  program  and  carry  out  its 
aims;  maintain  close  liaison  with  area  medical  societies,  institutions  and 
individuals  for  referral  of  patients  whose  diagnoses  fall  within  the  active 
or  proposed  disease  research  categories;  the  highest  standards  of  patient 
care  are  maintained  by  selection  of  qualified  physicians;  the  development  of 
necessary  policies  and  continued  close  and  direct  supervision  of  patient  care 
activities;  professional  consultant  services  to  other  institutes  in  the  area 
of  infectious  diseases;  continued  guidance  of  research  projects  undertaken 
by  younger  investigators;  maintenance  of  staff  morale. 

Proposed  Course  of  Project: 

To  continue. 


Serial  Ro.  NIAID-lO(c) 
Publications; 

1.  Douglas,  R.  G.,  Jr.,  Rossen,  R.  D.,  Butler,  W.  T.  and  Couch,  R.  B.: 
Rhinovirus  neutralizing  antibody  in  tears,  parotid  saliva,  nasal 
secretions  and  serum.  J.  Timnun.  99:  297-303,  Aiog.  IS&J . 

2.  Butler,  W.  T.,  Rossen,  R.  D.  and  Waldmann,  T.  A.:   The  mechanism  of 
appearance  of  immunoglobulin  A  in  nasal  secretions  in  man.  J.  Clin. 
Invest.  kG:    I883-I893,  Dec.  1967. 

3.  Douglas,  R.  G.,  Jr.,  Fleet,  W.  F.,  Gate,  T.  R.  and  Couch,  R.  B.: 
Antibody  to  rhinovirus  in  human  sera.  I.  Standardization  of  a 
neutralizing  test.  Proc.  Soc.  Exp.  Biol.  Med.  127:  U97-502,  Feb.  I968. 

h.     Fleet,  W.  F.,  Douglas,  R.  G.,  Jr.  and  Couch,  R.  B.:   Antibody  to 
rhinovirus  in  human  sera.  II.  Heterotypic  responses.  Proc .  Soc . 
Exp.  Biol.  Med.  127:  503-509,  Feb.  I968. 
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Dr.  Philip  R.  Glade 

Other  Investigators:   Dr.  Dan  C.  Bird 

Dr.  Robert  V.  Fulk,  Jr. 
Dr.  Ashley  T.  Haase 
Dr.  Ira  D.  Mickenherg 
Dr.  Herbert  Y.  Reynolds 
Dr.  Daniel  P.  Stites 
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Workers     TOTAL 


Man  Years: 
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Lab.   Staff 
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NIH  Personnel 

Total: 

Profess! 
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Project  De 

4-8/12 
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Responsibility  for  care  of  patients  in  the  various  research  areas. 
Proposed  Course  of  Project: 

To  continue. 

Publications: 

1.   Lindgren,  K.  M.,  Doi:iglas,  R.  G.,  Jr.  and  Couch,  R.  B.:   Significance 
of  Herpesvirus  hominis  in  respiratory  secretions  of  man.  New  Eng.  J. 
Med.  278:  5IT-523,  Mar.  I968. 
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1.  LCI 
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Individual  Project  Report 

July   1,    1967   through  June  30^    1968 


Project  Title:      Mechanisms   of  Fever  and  Host  Responses 

Previous   Serial  Number:      SAME 

Principal   Investigators:     Dr.  Sheldon  M.  Wolff 

Dr.   John  N.   Sheagren 
Dr.   Richard  K.   Root 


Other  Investigators: 


Cooperating  Units; 


Dr.  Ralph  S.  Blume 

Dr.  Rob  R.  MacGregor 

Dr.  Larry  J.  Wright 

Dr.  Dan  C.   Bird 

Dr.  Ira  D.  Mickenberg 

Dr.  James  J.  Nordlund,    NCI 

Mr.  Stanley  B.   ward 

Dr.  William  Ashburn,  CC 

Dr.  Harold  Baer,  DBS 

Dr.   Frederic  Bartter,   NHI 

Dr.  John  M.  Bennett,  CC 

Dr.  Jerome  Block,  USPHS  Hospital,   Baltimore 

Mr.  William  Briner,   CC 

Dr.   Paul  Carbone,  NCI 

Dr.  Sotiros  Chaparas,  DBS 

Dr.  John  Decker,   NIAMD 

Dr.  Steven  Douglas,  University  of  California 

San  Francisco  Medical  Center 
Dr.  Michel  Fardeau,   Hopital  de   la  Salpetriere,   Paris 
Dr.  Lay  Fox,   National  Naval  Medical  Center 
Dr.   Harvey  Gralnick,   CC 
Dr.  Stanley  Handmaker,   NIDR 
Dr.  Herbert  Hasenc lever,   LID,   NIAID 
Dr.  Geoffrey  M,  Jeffery,  LPC,   NIAID 
Dr.   Julian  Kanfer,   NINDB 

Dr.  Attallah  Kappas,   Rockefeller  University 
Dr.  Harry  Kimball,  University  of  Washington 

School  of  Medicine 
Dr.  Mortimer  B.   Lipsett,   NCI 
Dr.  John  R.  Marshall,   NCI 

Dr.  Anthony  P.   Monaco,   Boston  City  Hospital 
Dr.  George  Padgett,   Washington  State  University, 

Pullman,  Wash. 
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Dr.   Seymour  Perry,    NCI 

Dr.   N.   Raphael  Shulman,    NIAMD 

Dr.   Norman  Talal,    NIAM) 

Dr.  John  Tobie,   LCAR,   NIAID 

Dr.   John  R.   Trautman,   USPHS  Hospital,   San  Francisco 

Dr.   William  Uhlendorf,   DBS 

Dro  Marion  Webster,   NHI 

Dr.   Ronald  Yankee,   NCI 

Man  Years:  NIAID  Other  Guest 

Lab.  Staff  NIH  Personnel  Workers TOTAL 

Total:  8-10/12  8-10/12 

Professional:  5-10/12  5-10/12 

Other :  3  3 

Project  Description: 

Selected  patients  are  being   studied  on  the  wards  and   in  the   laboratory. 
The  patients  can  be  divided   into  the  following  groups:     a)   patients  with  recur- 
rent fever  of  unknown  etiology;   b)   familial  Mediterranean  fever;   c)  patients 
with  a  variety  of  neoplastic  and  other  diseases;   d)    leprosy   (see  NIAID  -   19 
(c));   e)   females  with  absent  or  hypo  functioning  ovaries;    f)  Chediak-Higashi 
syndrome;   g)  granulomatous   disorders;   h)   dysganmaglobulinemia;    i)   tuberculosis; 
j)  cyclic  and  other  neutropenias;  and  k)  normal  volunteers. 

Extensive  studies  are    in  progress  relating  to  the  pathogenesis  of  fever, 
inflammation,    reticuloendothelial  function,    immune  and  other  responses  of 
humans  and  exper ijnenta  1  animals   to   infections,   antigens,   etc. 

Objectives : 

Hunan  Studies ; 

1)  To  assess  varied  responses   of  normals  and  a  variety  of  patients   to 
e  t  iocho  lano  lone . 

2)  To  evaluate  what  effects   such  agents  as  ovarian  hormones,  adrenal 
steroids  and  others   have  on  the  above  responses. 

3)  Studies   of  blood  clotting  changes  and  platelet  kinetics    in  malaria. 

4)  The  hematologic   responses   to  etiocholanolone  are  being   followed  se- 
quentially as  a  measure  of  bone  marrow  reserve    in  patients  with   leuco- 
penia  secondary   to  a  variety  of  diseases  who  are  also  under  study. 

5)  The  effects  of  etiocholanolone  on  endotoxin  reactivity  are  beine 
evaluated.  * 

6)  Use  of  technitiated   (99m  isotope)-AA  as  a  new   liver  scanning  agent. 
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The  effects  of  pyrogens  on  the  release  of  vasoactive  peptides    (kinins) 
and   lysosomal  enzymes  are  under   investigation. 

To  assess   reticuloendothelial  function  in  various  clinical  types   of 
leprosy^    familial  Mediterranean  fever,   amyloidosis,   dysproteinemias, 
and  other  diseases. 

To  assess  the  responses  of  humans  to  multiple  doses   of  endotoxin 
(endotoxin  tolerance). 

The  endogenous   levels  of  etiocholanolone  are  being  measured. 

To   intensively  study  groups   of  patients  with  such  poorly  defined   ill- 
nesses as   familial  Mediterranean  fever,   recurrent  fever  and  Chediak- 
Higashi  syndrome,    in  an  attempt  to  better  delineate  the  clinical 
syndrome . 

The  metabolism  of  etiocholanolone  by  males  and  females   is  under 
investigation. 

To  evaluate   immunologic  reactivity  in  selected  cases   of  human  parasitic 
diseases  such  as  malaria,    trypanosomiasis  and  toxoplasmosis. 

To  assess  the  capacity  of  various   pyrogens   to  stimulate  human  leuco- 
cytes to  release  pyrogens   in  vitro. 

To  study  the  modification  by  a  variety  of  agents    in  vitro  of  the 
release  of  pyrogen  by  human  leucocytes . 

To  measure  the  dermal  sensitivity  of  individuals  with  and  without 
active  tuberculosis  to  a  polysaccharide  extract  of  ^^c obac te r ium  bovis 
as  compared  to  standard  PPD  preparations. 

Patients  treated  with  alternate-day-corticosteroid  therapy  are  being 
evaluated  in  a  variety  of  ways. 

To   investigate   leucocytic   functions   in  diseases,   such  as  the  Chediak- 
Higashi  syndrome  and  hypogammaglobulinemia,  which  are  characterized  by 
increased  susceptibility  to   infection. 

To  define  the  primary  and  secondary  features  of  the  Chediak-Higashi 
syndrome . 

To   investigate  the   lysosomal  abnormalities    in  the  Chediak-Higashi 
syndrome . 

To  explore  the  pathogenesis  of  the    increased  susceptibility  to   infec- 
tion in  this  syndrome. 

To  attempt  to  demonstrate  a  transmissible  agent   in  the  patients  with 
the  accelerated  phase  of  the  Chediak-Higashi  syndrome. 
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23)     To  define  the  capacity  of  cells   from  these  patients   to  proliferate  and 
transform  in  vitro. 

Animal  Studies; 

1)  To  attempt   to  transmit  an  agent  capable   of  producing   lymphoid  prolif- 
eration from  the   peripheral  blood  of  affected   individuals    into  anal- 
ogously affected  mink^   cattle,   and  mice    (maintained  so  as   to  avoid 
spontaneous   states   of   lymphoid  proliferation). 

2)  To  establish  tissue  cultures   from  Chedlak-Higashi  syndrome  animals  as 
a   source  of  material   for   further  study. 

3)  To  define  the  behavior  of  granulocytes   from  the  beige  mice   in  terms   of 
survival,   extent  of   lysosomal  defect,   and  release   from  the  bone  marrow. 

4)  To  determine  the   lipid  pattern  of  cells  from  affected  mice. 

5)  To  assess   the  protective  effects  of  endotoxin  in  mice  challenged  with 
various  mycotic   organisms  and,    if  possible,    to  characterize   the  humoral 
and  cellular  factor(s)  responsible  for  protection. 

6)  To  determine   the  effect  of  endotoxin  on  the  clearance  rate,   distribu- 
tion,  and  proliferation  of  C.  albicans    in  mice. 

7)  To  study  the  effect  of  the   immune  reaction  in  experimental  malaria  to 
various  parameters  of  clinical  disease,    in  particular,    thrombocytopenia. 

8)  To  further  characterize  the  pyrogenic  and  hematologic  reactivity  of 
immunized  rabbits  challenged  with  specific  antigen. 

9)  To  examine   the  role(s)  of  endogenous  and   leucocytic   pyrogen  and  solu- 
ble antigen-antibody  complexes    in  the   production  of  experimental 
immune   fever . 

10)  To   identify  the  antibodies   responsible   for  the  pyrogenic  and  hematologic 
reactions    in   immunized  rabbits. 

11)  To  measure   the  ability  of  a  variety  of  pyrogens   to  stimulate  j^  vitro 
the  release  of  endogenous  pyrogen. 

12)  To  further   investigate  the   reactivity  of  monkeys   to  endotoxin. 

13)  To  characterize   the  humoral   factors   responsible   for  endotoxin  toler- 
ance. 

14)  To  examine   the  effects   of  serum  on   the   pyrogenic   properties   of  endo- 
toxin. 
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15)  To  assess  host  defense  mechanisms    in  experimental  malaria,  especially 
the  effects   of  bacterial  endotoxin  on  the  course   of  Plasmodium  berghe i 
in  mice. 

16)  To   investigate   the  mechanism  of  fever  production  by  amphotericin  B. 

17)  To  examine  the  effects   of  antigen-antibody  complexes,   etiocholanolone, 
antigens,   amphotericin  B,   and  other  agents   on   the  release  of   lysosomal 
enzymes   from  white  blood  cells  and   to  determine   if   these  enzymes  are 
participating   in  the  production  of   fever. 

18)  To  study  the   lymphocyte   transforming   potential  of  antigen-antibody 
complexes . 

19)  Effect  of  B.663  on  Plasmodium  berghei    in  mice. 

20)  Use  of  antiljnnphocyte  serum   (ALS)   to  study  the  role  of  the   immune 
response   in  various  experimental   infections. 

21)  Study  of  RES   function   in  mice  under  various   experimental  conditions 
such  as  experimental  malaria,   GVH  reaction,   and  endotoxin  treatment. 
Also,  certain  mouse  strains  are  being   investigated  to  correlate  RES 
function  with  certain  pathologic  conditions,   such  as   NZBl  mice  and 
mice   inoculated  with  certain  oncogenic  viruses. 

22)  Correlation  of  in  vitro  lymphocyte  transformation  with  dermal,   delayed 
type  reactivity. 

Methods  Employed; 

Patients  and  volunteers  receive  varying  doses  of  endotoxin  and  etiocholan- 
olone.     Rectal  temperatures  are  taken  and  a  variety  of  responses  are  determined: 
serum  and  nasal  antibody   levels,    immunoglobulins,   plasma  Cortisol  and  hematology. 
The  physico-chemical  and   immunochemical  nature  of  the  antibodies  are  under  study. 

Some   females  are  given  estrogenic  hormones  and  the  febrile,    inmune  and 
phagocytic  functions  are  compared  with  responsiveness   prior  to  drugs. 

The  mobilization  of  peripheral  granulocytes    in  response  to  et  iocholanolone 
is  studied  in  patients  before,   during  and  after  radiation  or  chemotherapy. 

Some  patients  receive  tritiated  et  iocholanolone  and  the  rate  of  decay   is 
measured . 

Studies  of  endotoxin,  cryptococcal  and  Candida  antibodies  utilize  the 
bentonite  flocculation  and  agglutination  techniques.     Sephadex  G-200  chromato- 
graphy and  sucrose  density  ultracentrifugation  gradient  are  employed   in  the 
study  of  antibody  responses. 
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Reticuloendothelial  system  function  is  measured  through  the  use  of  aggre- 
gated human  serum  albumin  tagged  with  radioactive   ^^Sj   (^).      individuals  being 
studied  receive  an  intravenous    injection  of  AA  after  which  serial  blood  samples 
are  obtained  enabling  the    investigators   to  calculate  the  half-time  of  disappear- 
ance of  the      injected  dose.      This   half-time    is   proportional  to  the  efficiency  of 
function  of  the  RES.      Values   obtained   in  patients  with   leprosy,    familial 
Mediterranean  fever,   Hodgkin's   disease,  amyloidosis,   Burkitt's    lymphoma,   etc., 
are  compared  with  those  obtained   in  normal  volunteers   to  assess  differences    in 
RES   function  between  the   two  groups, 

Basic   studies   of   immune  mechanisms    in  leprosy,   dysproteinemias,    toxoplas- 
mosis,  Chediak-Higashi  syndrome,   etc.,    include  quantitative    immunoglobulin 
determinations  using  agar  diffusion  methods,    immunoelectrophoresis,    paper 
electrophoresis,   complement   levels,    levels   of  antibody  by  the  bentonite   floc- 
culation  technique,   ability  of  patient's   lymphocytes   to  transform  under  various 
stimuli  such  as   phytohemagglutinin  or  SLO  antigen,   and  ability  of   individuals, 
to  develop  delayed  hypersensitivity   through  challenge  with  dinitrochlorobenzene 
on  the  skin. 

Monkeys  given  simian  malaria    (either  P.  cynomolg i  or  P.  knowlesi  strains) 
are  followed  with  serial  platelet  counts,  white  blood  cell  counts,   hematocrits, 
parasite  counts,    serum  complement   levels,    levels   of  fibrinogen  and  multiple 
other  clotting   factors.     Antibody   levels  are  done  by  the   fluorescent  antibody 
technique.     Platelet  survivals  are  carried  out  by  the  use  of  ^-klr  tagged  plate- 
lets   introduced  at  various   times  during   the   infection. 

Mice  are  given  endotoxin  and  subsequently  challenged  at  varying   time    inter- 
vals with  such   infectious  agents  as  Candida  albicans,   Plasmodium  berghei,   etc. 
Donor  mice  are  exsanguinated;    the  whole  sera  or  fractions  are   passively   trans- 
ferred  to  normal  mice,  which  are  then  challenged  with  the    infectious  agent. 

Normal  New  Zealand  NIH  rabbits  are   immunized  with  nonpyrogenic   human  serum 
albumin   (HSA)  using  a   series  of   intravenous   inoculations.      Following  an  appro- 
priate rest   period,   antibody   levels  are  measured   in  the  serum  using  bentonite 
flocculation  and   precipitation  reactions.      Soluble  antigen-antibody  complexes 
are   formed   following   precipitation  of  antibody  at  equivalence  by   the  addition 
of  sufficient  antigen  in  either  normal  or   immune  serum. 

In  the   leucocytic  pyrogen  studies,    leucocytes  are   isolated  from  the  whole 
blood  of  normal  and   febrile  patients  and  animals   or  the  peritoneal  cavity  of 
rabbits  and   incubated   in  a  supportive  medium  with  various  activating  agents, 
including  endotoxin,   heat-killed  S.  albus ,   etiocholanolone,   antigen-antibody 
complexes  and  amphotericin  B  with  and  without    inhibitors   such  as  Cortisol.      The 
release  of   leucocytic   pyrogen  into  the  supernatants    is  measured  by  standard 
assay  techniques    in  rabbits. 

In  studying  phagocytic  and  bactericidal  functions   of  human  leucocytes, 
leucocytes  are  separated  from  whole  blood  of  patients  and  their  ability  to 
ingest  and  kill  bacteria  and  to  degranulate  after  phagocytosis    is  examined 
under  the   light  microscope  and  by  serial  cultures   of   the  total  and  extracellular 
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bacterial  population.     Kinetic  curves  for   ingestion  and  killing  of  bacteria 
are  established  using  an  agar  pour  plate   technique. 

Peritoneal  exudate    leucocytes  are   obtained  from  rabbits   following   the 
induction  of  sterile   peritonitis  by  glycogen. 

An  automatic   temperature   recorder   is  used  to  obtain  rectal  temperatures 
at  regular   intervals  before  and  after  challenge  with  antigen,   complexes  or 
pyrogen.     Hematological  responses  are  evaluated  by  analysis   of  ear  vein  blood 
samples   obtained  at  various   times   preceeding  and   following  challenge.     Circu- 
lating  pyrogen  is  assayed  by  passively  transferring   serum  from  challenged^ 
immunized  animals    into  normal  recipients.     Buffy  coat   leucocytes  are  separated 
from  whole,   heparinized  rabbit  blood   following  centrifugation  and  washed   in 
phosphate  buffered  saline.     Counts  are  made  on  aliquots   of  the  washed   leuco- 
cytes and  various  concentrations  of  the  agents  under  study  are  added  to  the 
cell  suspensions.     After   incubation  for  a  specific   time    interval,    leucocytic 
pyrogen   is   measured  by   injection  of  supernatants    into  normal  and  endotoxin 
tolerant  recipient  rabbits,  and  febrile  responses  are  obtained. 

Dermal  sensitivity  to  polysaccharide  from  a  BCG  culture   filtrate   is 
determined  by  measurement  of  inflammation  following  the    intradermal   inocula- 
tion of  the  antigen. 

Patient  Material; 

Patients  are  admitted  to  the  Clinical  Center,  as  are  normal  volunteers, 
for  these  studies.      In  addition,   patients   from  other   Institutes,   the 
leprosorium  in  Carville,  Louisiana  and  the  National  Naval  Medical  Center  have 
participated  in  these  studies. 

Major  Findings; 

The  granulocytopenia  of  the  Chediak-Higashi  syndrome  has  been  shown  to  be 
due  to   intramedullary  granulocyte  destruction. 

Therapy  of  the  accelerated  phase  of  the  Chediak-Higashi  syndrome  with 
vincristine  and  prednisone  has  been  most  encouraging. 

Sphingolipid  content  of  the  peripheral  granulocytes    in  the  Chediak-Higashi 
syndrome   is  reduced  despite  the  fact  that   the  cells  are  synthesizing  and 
degrading  sphingolipids  at  an  accelerated  rate,  suggesting   increased  turnover 
of  these  cellular  constituents. 

Giant   lysosomes  are  also  present   in  platelets  of  patients  with  the 
Chediak-Higashi  syndrome  and   in  the  cells  of  heterozygotes . 

Long-term  suspension  cultures  of  both  fibroblasts  and  lymphocytes   from 
patients  and  heterozygotes  of  the  Chediak-Higashi  syndrome  have  been 
established. 
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Patients  with  recurrent   fever  of  unknown  etiology  have  been  found  to 
represent  a  diverse  array  of  clinical  disorders.      Paired  plasma  samples   have 
been  obtained  on  vaany  patients  with   familial  Mediterranean  fever  or  fever  of 
unknown  origin.     When  a  highly  sensitive  and  specific  assay   for  etiocholano- 
lone    (developed   in  NHI)  was   employed,    no  correlation  was   obtained  between 
levels   of   fever  and  plasma  unconjugated  etiocholanolone. 

Administration  of  etiocholanolone  regularly  elicits   fever  and  granulocyto- 
sis   in  man. 

Patients   on  every-other-day  steroids   show  no   impairment  of  prees tablished 
delayed  skin  reactions  and  can  be  readily  sensitized  to  DNCB.      Patients   on 
daily  steroids  who  are  switched   to  an  every-other-day  schedule  regain  lost  skin 
reactivity. 

Human  leucocytes   can  be  stimulated   in  vitro  with  endotoxin,   heat-killed  S^. 
albus  and  etiocholanolone   to  produce  a  pyrogen  which  is   similar   in  biological 
and  chemical  properties   to  rabbit   leucocytic   pyrogen.      Only  granulocytes  and 
monocytes  are   capable  of  pyrogen  production.     A  negative   feedback  mechanism 
appears   to  govern  release  of  pyrogen  from  stimulated  cells. 

Circulating   leucocytes   obtained   from  patients  made   febrile  with  endotoxin 
or  etiocholanolone   or  undergoing   fevers   of  disease  origin  do  not  spontaneously 
release  pyrogen  _in  vitro.     On  the  other  hand,    such  cells  appear  to  be   less 
responsive   to  stimulation  with  endotoxin  or  S..  albus  ,   suggesting   that  their 
capacity  to  produce   pyrogen  is   reduced  during   fever.     This  may  represent  an 
"exhaustion"  phenomenon  or  may  merely  be   related  to  the    immaturity  of  the  cells 
circulating  at   the   time   of  study. 

Cortisol  suppresses   pyrogen  production  by  human  and  rabbit   leucocytes  and 
preliminary  findings   suggest   that  when  cells  are   incubated  with  endotoxin  the 
Cortisol  acts  by   inhibiting   release  of  pyrogen  from  cells   rather  than  at   the 
level  of  activation. 

Leucocytes   obtained   from  patients  with  the  Chediak-Higashi  syndrome   show 
impaired  degranulation  following   phagocytosis  of  S.  albus  or  S.   aureus ;   however, 
this    is   not  reflected   in  a  parallel  defect   in  killing   of  bacteria.      The  rate  of 
ingestion  of  ^o  aureus   by  phagocytes    is  within  normal   limits    irrespective   of 
disease   stage.     Cells  which  have    ingested  heat-killed  bacteria  or  are  activated 
by   incubation  with  endotoxin  produce  excessive  amounts   of  pyrogen.     This 
excessive  release  appears  to  be  related  to  a   failure  of  the  negative  feedback 
control  system. 

Continuous   cell-line  cultures   from  patients  with   infectious  mononucleosis, 
leukemia,   Burkitt's   lymphoma  and  Chediak-Higashi  syndrome  display   phagocytic 
activity,   but  do  not  produce  pyrogen.     The   latter  finding    is   consistent  with 
their   lymphoid  origin. 

The    impaired  release  of  granulocytes   from  the  marrow   in  patients  with 
some  rheumatic  diseases    is   probably  due  to  a  humoral   factor, 
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Both  endotoxin  and  etiocholanolone  administration  result   in  elevations   of 
plasma   levels  of  vasoactive  peptides. 

125 
Experience  relating   changes    in  RES  clearance  of  I-M  as  a  measure  of 

phagocytosis   has  been  expanded.      Patients  with  Burkitt-like   lymphoma  show 

little  change    in  phagocytic   function. 

It  would  appear  that   the  marked  hematologic  alterations   noted   in  the  mon- 
key   infected  with  malaria  are   probably  due   to   the  host's    immune   response   to  the 
parasite. 

B.663^   a  drug   found  effective    in  murine  and  human   leprosy^    is   mildly 
effective    in   inhibiting   the  development   of  P.   berg  he  i  infections   in  mice. 

Mice    infected  with  experimental  malaria  have   slightly  accelerated   I.   V. 
clearance   of  colloidal  substances.      NZBl  mice  have  accelerated  clearance   of 
colloids  as   compared  to  control    (CH-  and  Balb/c)  mice. 

Aggregated  albumin  has  been  successfully   labeled  with  Technitium  99m^   and 
this   complex   is  used  as  an  agent   to  visualize   the   liver  using  a  gamma  camera. 

Passive   transfer  studies   have  shown  that  endotoxin  tolerance    in  recipient 
rabbits  persists  for  at  least  three  weeks,  whereas  passively  administered 
specific  antibody  decays  exponentially  with  a  half-life  of  4.1  days. 

Cell  wall  polysaccharides  of  Candida  albicans  are  pyrogenic    in  rabbits 
and  have  many  similarities  with  lipopolysaccharides   of  bacteria    (endotoxins). 

Antibody  responses   to  a  single  challenge  of  Candida  a  lb  icans    in  rabbits 
occurs  between  the  seventh  and  tenth  days  and  persists   for   long   periods   of 
time.     Antibody   is  both  of  the   7S  and   19S  class   of   immunoglobulins. 

Mice  can  be   significantly  protected  from  challenge  with  C.  albicans 
by  prior  treatment  with  bacterial  endotoxin.      The  protection  observed  24  hours 
after  endotoxin  can  be   passively  transferred  by  serum  to  normal  mice. 
Accelerated  clearance   of  C.  albicans   organisms   from  the   blood  stream  of  animals 
receiving  endotoxin  24  hours   before  may  explain  the   protection  seen.     The  pro- 
tection observed  six  days  after  endotoxin  was   not   passively  transferable,   but 
serum  obtained  at  this  time  was   found  to  be  markedly   inhibitory  to  the  growth 
of  Co  albicans   in  vitro. 

Transferable   pyrogen  is  detectable    in  the  serum  of  challenged,  immunized 
animals  within  five  minutes  after  HSA   injection  and   is  also  present  two  hours 
later.      l^nifes  tat  ions   of  anaphylaxis  with  occasional  death  are   seen  in  normal 
rabbits   receiving  the  five-minute  but  not  the   two-hour  serum. 

Administration  of  soluble  antigen-antibody  complexes  suspended   in  either 
normal  or    immune  serum  leads   to  fever   in  normal  recipients. 
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Soluble  antigen-antibody  complexes   probably  play  a  major  role   in  the 
pathcgerjesis  of   inmune   fever,  since  they  are  demonstrable   in  the  sera  of 
iinmunized  aninals    immediately  after   challenge  with  antigen.      Normal  rabbits 
given  daily   injections   of  soluble  complexes  will  develop   febrile   tolerance  to 
complexes   but  not  to  endotoxin  or  endogenous   pyrogen. 

When   leucocytes  are    incubated  ^  vitro  with  antigen-antibody  complexes 
formed  near  equivalence,    leucocytic  pyrogen   is   produced. 

In  P.   cynomolgi  malaria    in  monkeys,    it  has  been  noted   that   the   thrombo- 
cytopenia   is  best  correlated  with  a  decrease    in  serum  complement    levels,    sug- 
gesting  that  the    immune   response  may   play  a  role    in  the   decrease    in  platelets. 

The  antibiotic,   amphotericin  B,   has   been  found  to  cause   fever   in  rabbits, 
and  the  pathogenesis  of  this   fever   is   under  study. 

Patients  with  positive  skin  reactions   to  standard  PPD  fail  to   react   to 
polysaccharide  antigens   of  M.   bovis. 

Significance  of  the  Program  to  the   Institute; 

The   large  number  and  wide  variety  of  studies   listed  above  provide  consider- 
able new  knowledge  dealing  with  host  response  mechanisms   to  a  wide  variety  of 
clinical  and  experimental  diseases  and  the   pathogenesis   of  fever. 

Proposed  Course  of  the  Project; 

The  above  outlined  studies  are  to  be  continued  and  some  areas  are  to  be 

expanded . 

Honors  and  Awards: 

Visiting  Lecturer,   Washington  University  School   of  Medicine,   St.   Louis,   Mo, 

Consultant,   Clinical  Research  Center,   Methodist  Hospital,  Baylor  University 

School  of  Medicine,   Houston,   Texas. 

Invited  to  write  a  chapter  on  familial  Mediterranean  fever   in  the   new 
edition  of  Harrison's   Principles   of   Internal  Medicine. 

Publications ; 

1.  Rossen,   R.  D.,   Wolff,   S.  M.,   and  Butler,   W.  T.;      The  antibody  response    in 
nasal  washings  and  serum  to  S,   typhosa  endotoxin  administered   intravenously. 
J.    Immun.   99;      246-254,   July,    1967. 

2.  Vogel,   J.  M.,  Yankee,   R.  A.,   Kimball,   H.  R.,   Wolff,   S.  M.,  and  Perry,   S.: 
The  effect  of  etiocholanolone  on  granulocyte  kinetics.     Blood  30-     474-484 
Oct.,    1967.  '  ' 


20 


serial  No.  NIAID  -  12    (c) 

3.  Vogel,   J.  M.,   Kimball,  H.   R.,   Wolff,   S.  M.,   and  Perry,   S.:     Etiocholanolone 
in  the  evaluation  of  marrow  reserves    in  patients   receiving  cytotoxic  agents. 
Ann.    Intern.  Med.    67:      1226-1238,   Dec,    1967. 

4.  Wolff,  S.  Mo,  Kimball,  H.  R.,  Perry,  S.,  Root,  R.,  and  Kappas,  A.:  The 
biological  properties  of  etiocholanolone.  Ann.  Intern.  Med.  67:  1268- 
1295,   Dec,    1967. 

5.  Zeigler,  J.  L.,  Cohen,   M.  H.,  Vogel,  C.  L.,   Sheagren,  J.  N.,  and  Carbone, 

P.   P.:      Immunologic   studies    in  American  patients  with  Burkitt-like   lymphoma. 
Cancer  Res.   27:    2527-2531,   Dec,    1967. 

6.  Mott,   P.  D.,  Wochner,   R.  D.,  and  Wolff,   S.  M.:     The  effect  of  6-mercapto- 
purine  on  the  turnover  of   ll31-gamma  globulin  and   ll25_albumin   in  rabbits. 
J.  Pharmacol.  Exp.   Ther.   159:      211-215,   Jan.,    1968. 

7.  Kimball,   H.  R.,   Williams,   T,   W.,  and  Wolff,   S.  M. :     Effect  of  bacterial 
endotoxin  on  experimental  fungal   infections.     J.   Immun.   100:     24-33,  Jan., 
1968. 

8.  Kimball,  H.  R.,  Lipsett,  M.  B.,   Odell,  W.  D.,  and  Wolff,  S.  M. :     Compari- 
son of  the  effect  of  the  pyrogens,   etiocholanolone  and  bacterial  endotoxin 
on  plasma  Cortisol  and  growth  hormone   in  man.     J.  Clin.  Endocr.     28:     337- 
342,  March,    1968. 

9.  Godwin,  H.  A.,   Zimmerman,   T.   S.,  Kimball,  H.  R.,  Wolff,   S.  M.,  and  Perry, 
S.:     The  effect  of  etiocholanolone  on  the  entry  of  granulocytes    into  the 
peripheral  blood.     Blood  31:     461-470,  April,    1968. 

10.  Godwin,   H.  A.,    Zimmerman,   T.   S.,   Kimball,   H.  R.,   Wolff,   S.  M.,   and  Perry, 
S.:     Correlation  of  granulocyte  mobilization  with  etiocholanolone  and  the 
subsequent  development  of  myelosuppression  in  patients  with  acute  leukemia 
receiving  therapy.     Blood  31:   580-588,  my,    1968. 

11.  Vogel,   J.  M.,  Kimball,  H.  R.,   Foley,  H.  T.,  Wolff,   S.  M.,  and  Perry,   S.: 
The  effect  of  extensive  radiotherapy  on  the  marrow  granulocyte  reserves   of 
patients  with  Hodgkin's  disease.     Cancer     In  press. 

12.  Roberts,   W.  C,   McGregor,   R.   R.,   Beiser,   G.   D.,  and  Wolff,   S.  M. :      The 
prepulseless  phase   of  pulseless  disease  or  pulseless  disease  with  pulses. 
Amer.  J.  Med.      In  press. 
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Project  Descript 

ion: 

Obiectives : 

1.  To  compare  antibody  formation  in  respiratory  secretions  and  serum  and 
effectiveness  of  antibody  elicited  by  parenteral  and  nasopharyngeal  inoculation 
with  inactivated  respiratory  vaccines. 

2.  To  determine  the  communicability  of  human  influenza  viruses  to  horses 
by  experimental  studies. 

3.  To  study  virologically  and  serologically  patients  with  infectious  mono- 
nucleosi'S,  infectious  lymphocytosis  and  related  diseases. 

Methods  Employed: 

Specimens  were  examined  for  virus  activity  by  isolation  and  interference 
tests.   Studies  of  antibody  formation  in  respiratory  secretions  and  serum  em- 
ployed immunoelectrophoresis ,  column  chromatography,  density  gradient,  selective 
absorption,  neutralization  and  hemagglutination-inhibition  methods. 

Ponies  from  Chincoteague ,  Virginia,  were  transported  to  the  Grayson  Iso- 
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lation  Unit  of  the  University  of  Maryland  for  viral  inoculations  and  clinical 
examination.   Laboratory  studies  were  conducted  at  the  NIH. 

Major  Findings; 

Influenza  virus  in  humans.   Serum  and  respiratory  secretions  were  collec- 
ted sequentially  from  volunteers  following  parenteral  or  nasopharyngeal  immuni- 
zation with  inactivated  influenza  virus  vaccine  or  nasopharyngeal  administration 
of  infectious  influenza  virus.   Neutralization  tests  revealed  that  although 
the  serum  antibody  titers  were  higher  in  human  subjects  vaccinated  subcutan- 
eously  or  infected  experimentally,  significant  antibody  titers  did  occur  among 
men  inoculated  with  inactivated  virus  nasopharyngeally .   In  all  three  groups, 
serum  neutralizing  antibody  was  found  only  in  the  IgG  class  of  immunoglobulins. 
All  volunteers  administered  inactivated  or  live  virus  by  the  respiratory  route 
developed  increased  titers  of  sputum  and  nasal  wash  neutralizing  antibody.   The 
magnitude  of  the  geometric  antibody  responses  in  both  groups  was  quite  similar 
but  was  significantly  higher  than  those  seen  in  the  group  vaccinated  parenter- 
ally  with  inactivated  vaccine.  Moreover,  the  duration  of  antibody  responses  to 
influenza  virus  tended  to  be  greater  among  those  given  the  influenza  virus  by 
the  respiratory  route.   Preliminary  determinations  on  secretions  showed  that 
IgA  was  the  predominant  class  of  immunoglobulin. 

Influenza  virus  in  ponies .   Infectious  responses  as  measured  virologically , 
serologically  and  clinically  were  evaluated  in  ponies  following  inoculation 
with  human  influenza  viruses.   Although  preliminary  data  indicated  that  type 
A2  virus  was  not  transmitted  successfully  to  the  animals,  results  did  suggest 
that  infection  occurred  in  ponies  with  the  type  B  virus. 

Infectious  mononucleosis.   Virologic  studies  were  conducted  with  over  700 
specimens  from  48  patients  with  heterophile-positive  infectious  mononucleosis. 
Despite  an  intensive  virologic  surveillance,  a  relatively  low  percentage  of 
virus  isolations  was  made  with  specimens  obtained  from  patients  sampled  at  dif- 
ferent sites  during  the  study.   The  viruses  isolated  from  four  individuals  were 
a  rhinovirus,  an  adenovirus  and  two  cytomegaloviruses.   These  data  did  not  per- 
mit any  speculation  as  to  the  role  of  these  viruses  in  infectious  mononucleosis. 
The  most  striking  observations  of  these  studies  were  the  findings  of  interferon 
activity  and  virus-like  particles  in  cell  lines  established  from  peripheral 
leukocytes  of  patients . 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute; 

1.   The  role  of  serum  neutralizing  antibody  in  preventing  infection  and 
illness  by  influenza  virus  has  not  been  clearly  defined.  It  has  been  observed 
that  some  individuals  with  low  levels  of  serum  antibody  are  protected  against 
disease  while  others  with  higher  levels  become  ill.   These  observations  sug- 
gest that  factors  other  than  serum  antibody  may  influence  the  outcome  of  in- 
fluenza virus  infection.   Previous  studies  by  us  as  well  as  others  have  shown 
that  antibody  as  measured  in  respiratory  secretions  is  formed  in  response  to 
experimental  and  natural  infection  with  live  influenza  virus  in  the  respiratory 
tract,  but  not  by  dead  virus  administered  parenterally .   These  data  are  com- 
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patible  with  available  evidence  which  indicates  that  secretory  antibody  of  the 
IgA  class  is  produced  in  the  respiratory  tract.   In  studies  with  other  resp- 
iratory viruses,  resistance  to  infection  appears  to  be  more  clearly  related  to 
the  IgA  type  of  antibody.   The  demonstration,  therefore,  that  inactivated  in- 
fluenza virus  vaccine  administered  by  the  respiratory  tract  stimulates  the 
formation  of  secretory  antibody  more  efficiently  than  parenteral  administration 
of  the  same  vaccine  provides  an  approach  to  vaccination  which  may  be  effective 
in  the  control  of  influenzal  disease.  Moreover,  this  method  of  immunization 
with  inactivated  vaccines  may  be  useful  in  the  control  of  other  viruses  which 
cause  respiratory  infections  in  man. 

2.  The  origin  of  major  antigenic  variations  or  reservoirs  for  human  in- 
fluenza virus  types  is  presently  unknown.   Animals  have  been  suggested  as 
possible  sources  of  variants  or  as  repositories  for  viruses  during  nonepidemic 
periods.   The  preliminary  finding  that  type  B  influenza  virus  is  capable  of 
replication  in  the  horse  suggests  that  natural  transmission  of  this  virus  type 
to  man  may  occur  in  nature. 

3.  The  existence  of  virus-like  particles  in  cell  lines  established  from 
peripheral  leukocytes  of  patients  with  infectious  mononucleosis  may  provide  a 
basis  for  understanding  the  etiology  of  the  disease. 

Proposed  Course  of  Study; 

It  is  planned  to  continue  the  program  as  stated  under  objectives. 
Honors  and  Awards: 

Appointed  as  Project  Officer  for  the  Vaccine  Development  Branch,  NIAID. 
Publications ; 

1.  Glade,  P.  R. ,  Kasel,  J.  A.,  McFarlane,  H. ,  Borjeson,  J.,  Baker,  P.  D., 
Hoffman,  P.  F.,  Douglas,  S.  D.,  Reisfeld,  R.,  and  Chessin,  L.  N.: 
Identification  of  the  pokeweed  mitogen  in  Africa.   Nature  216:   795-796, 
Nov.  1967. 

2.  Waldman,  R.  H.,  Mann,  J.  J.,  and  Kasel,  J.  A.:   Immunoglobulin  classes  of 
serum  neutralizing  antibody  found  in  response  to  immunizations  with  dead 
influenza  virus  vaccine.   Proc.  Soc.  Exp.  Biol.  Med.  126:   838-841,  Dec. 
1967. 

3.  Kasel,  J.  A.,  Ailing,  D.  W. ,  Glade,  P.  R.  ,  and  Banks,  P.  A.:   Heterotypic 
antibody  responses  in  man  following  vaccination  with  adenovirus  type  1 
hexon  antigen.   Proc.  Soc.  Exp.  Biol.  Med.  126:   895-896,  Dec.  1967. 

4.  Waldman,  R.  H.,  Mann,  J.  J.,  and  Kasel,  J.  A.:   Influenza  virus  neutralizing 
antibody  in  human  respiratory  secretions.   J.  Immunol.  100:   80-85,  Jan. 
1968. 
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5.  Glade,  P.  R. ,  Kasel,  J.  A.,  Moses,  H.  L. ,  Whang-Peng,  J.,  Hoffman,  P.  F., 
Kammermeyer,  J.  K. ,  and  Chessln,  L.  N. :   Infectious  mononucleosis:  con- 
tinuous suspension  culture  of  peripheral  blood  leukocytes.   Nature  217: 
564-565,  Feb.  1968. 

6.  Mann,  J.  J.,  Waldman,  R.  H.,  Togo,  Y.,  Heine r,  G.  G. ,  Dawkins ,  A.  T.,  and 
Kasel,  J.  A.:  Antibody  response  in  respiratory  secretions  of  volunteers 
given  live  and  dead  influenza  virus.   J .  Immunol .  (In  press). 

7.  Waldman,  R.  H.,  Kasel,  J.  A.,  Fulk,  R.  V.,  Mann,  J.  J.,  Togo,  Y.,  Hornick, 
B.,  Heine r,  G.  T.,  and  Dawkins,  A.  T.:   Influenza  antibody  in  human  resp- 
iratory secretions  following  subcutaneous  or  nasopharyngeal  immunization 
with  inactivated  vaccine.   Nature  (In  press). 

8.  Kasel,  J.  A.,  Haase,  A.  T.,  Glade,  P.  R. ,  and  Chessin,  L.  N.:   Interferon 
production  in  cell  lines  derived  from  patients  with  infectious  mononucleo- 
sis.  Proc .  Soc.  Exp.  Biol.  Med.  (In  press). 

9.  Hirshaut,  Y.,  Manaker,  R. ,  Glade,  P.  R. ,  Chessin,  L.  N.,  and  Kasel,  J.  A.: 
Formal  comment:  On  the  role  of  Burkitt  HL  virus  in  the  etiology  of  infec- 
tious mononucleosis.   Perspectives  in  Virology,  New  York,  1968  (In  press). 

10.  Moses,  H.  L.,  Glade,  P.  R.,  Kasel,  J.  A.,  Rosenthal,  A.  S.,  Hirshaut,  Y., 
and  Chessin,  L.  N.:   Infectious  mononucleosis:  detection  of  herpes-like 
virus  (HLV)  and  reticular  aggregates  of  small  cytoplasmic  particles  in 
continuous  lymphoid  cell  lines  derived  from  peripheral  blood.  Proc.  Nat. 
Acad.  Sci.  (In  press). 
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1. 
2. 

3. 
PHS-NIH 
Individual  Project  Report 
July  1,  1967  through  June  30,  I968 


LCI 

Microbiology  Section 

Bethesda,   Maryland 


Project  Title:      Allergy- Immunology 

Sub-project  A:      To  Determine  the   Immunoglobulin  Chromosome  Types   in  Wild  Mice 

Based  on  Immunoglobulin  Determinants  Identified  in  Inbred 

Laboratory  Strains 


Previous   Serial  Number; 


SAME 


Principal  Investigators:  Miss  Rose  Lieberman 

Dr.  Michael  Potter,  LBGY,  NCI  (NCI- 3202) 

Other  Investigators:  Mr.  William  Humphrey,  Jr. 
Mr.  Cornelius  B.  Alexander 


Man  Years: 


Total: 

Professional: 
Other: 


NIAID 
Lab.    Staff 


1-6/12 
1-6/12 


Other 
NIH  Personnel 


Guest 
Workers 


TOTAL 


•6/12 
•6/12 


Project  Description: 
Objectives: 

1.  Homologous  antisera  that  identify  determinants  on  yA,  yF,    yG   and 
yH  heavy  chains  in  inbred  strains  are  used  to  test  the  sera  of  wild  mice  for 
these  same  determinants. 

2.  Homologous  antisera  will  also  be  prepared  by  Immunizing  wild  mice 
with  specific  immunoglobulin  determinants  only  found  in  inbred  strains  and 
also  by  immunizing  wild  mice  with  immunoglobulins  from  other  wild  mice  of 
other  genotypes. 

3.  Identify  immunoglobulin  determinants  by  serological  means  and  by 
genetic  tests. 

k.      Selectively  breed  crosses  of  inbred  and  wild  mice  to  obtain  the 
desired  genotypes. 

Methods  Employed:. 

1.  Trap  wild  mice  and  collect  their  sera  for  testing  of  antigenic 
determinants  with  homologous  antisera  prepared  with  normal  and  myeloma 
immunoglobulins  of  inbred  strains. 

2.  Cross  wild  mice  with  inbred  strains  of  known  genotypes  to  obtain 
the  desired  genes. 
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3.  Test  hybrids  of  inbred  strains  and  wild  mice  for  percentage 
crossover  and  any  unusual  genetic  findings. 

h>     Produce  homologous  antisera  by  immunizing  wild  mice  with  immuno- 
globulins from  inbred  mice  and  vice  versa. 

Ma.jor  Findings: 

The  present  inbred  strains  of  mice  contain  a  gene  pool  derived  from 
many  geographic  areas  that  have  been  selected  for  many  reasons  such  as  coat 
color,  susceptibility  to  carcinogens,  etc.  Because  of  this  many  mutations 
have  occurred  that  are  conceivably  not  present  under  natural  conditions, 
e.g.,  in  the  wild  mice.  The  genetic  control  of  the  structure  of  immuno- 
globulin is  further  elucidated  by  comparing  the  chromosomes  in  wild  and  inbred 
strains.   Immunoglobulin  determinants  that  have  been  found  singly  in  homo- 
zygous inbred  strains  have  been  found  together  in  some  wild  strains.  This 
linusual  finding  suggests  crossing  over  between  different  chromosome  types. 
In  addition,  immunoglobulin  determinants  have  been  found  in  wild  mice  that 
are  not  present  in  inbred  strains  and  vice  versa  suggesting  many  mutations. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 

Studies  of  polymorphism  of  genes  controlling  the  structure  of  the 
yA,  yF,  yG   and  -yH  heavy  chains  should  shed  a  great  deal  of  light  on  the 
mechanism  of  antibody  synthesis  as  many  structural  variations  of  the  heavy 
chains  have  been  identified.  If  each  of  the  heavy  chain  variants  was 
represented  by  a  single  chain  cistron,  the  heavy  chain  linkage  group  would 
be  a  long  chromosomal  segment  and  these  are  reflected  in  a  high  rate  of 
recombination.  The  probability  of  seeing  recombination  is  much  greater  in 
wild  mice  than  in  inbred  strains. 

Proposed  Course  of  Pro.ject: 

To  continue  as  outlined. 


Sub-project  B:   Study  of  Immunoglobulin  Determinants  in  Mice  with  Homologous 
Antisera  to  Determine  the  Genetic  Control  of  the  Structure 
of  Immunoglobulin  Molecules 

Principal'  Investigators:  Miss  Rose  Lieberman 

Dr.  Michael  Potter,  LBGY,  NCI  (NCI-3202) 

Other  Investigators:  Mr.  William  Huraphrey,  Jr. 
Mr.  Cornelius  B.  Alexander 


Man  Years: 

Total: 

Professional: 

Other: 


NIAID 
Lab.  Staff 


1-6/12 
1-6/12 


Other 
WIH  Personnel 


Guest 
Workers 


TOTAL 


1-6/12 
1-6/12 
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Project  Description: 
Objectives: 

1.  To  prepare  homologous  antisera  highly  specific  for  immimoglobulin 
determinants  in  mice. 

2.  To  study  the  genetic  control  of  immunoglobulin  determinants. 

3.  To  use  the  immunoglobulin  genetic  markers  in  studies  of  antibody 
synthesis. 

Methods  Employed; 

1.  Preparation  of  immunoglobulin  immunogens  from  normal  and  plasma 
cell  tumor  bearing  inbred  mice. 

2.  Immunization  of  inbred  strains  of  mice  with  specific  normal  or 
myeloma  immunoglobulins, 

3.  Identification  of  immunoglobulin  deteiminants  by  antibody-antigen 
reactions  with  homologous  antisera  using  Immunoelectrophoresis,  Oudin, 
Ouchterlony  gel  diffusion  methods,  radioisotope  tagging  precipitin  inhibition 
method  and  audiography. 

k.     Selective  breeding  of  mice  to  determine  linkage,  allelism, 
independent  assortment  and  crossover  of  genes  controlling  the  immimoglobulin 
determinants.   Production  of  coisogenic  strains  to  propagate  and  isolate  a 
genetic  marker  in  a  known  genetic  environment.  Chromosome  mapping  of  genetic 
markers  of  immunoglobulin  determinants  with  other  genetic  markers  as  coat 
color,  etc.,  to  facilitate  ease  of  identification  of  immunoglobulin  genetic 
markers  and  also  to  deteimine  the  location  on  the  chromosomes  of  genes  con- 
trolling specific  immunoglobulin  determinants. 

5.  Development  of  techniques  to  determine  the  role  of  the  immuno- 
globulin determinants  in  problems  of  transplantation,  histocompatibility, 
transfusion  reactions,  immunization  and  antibody  synthesis. 

Major  Findings: 

Fourteen  immunoglobulin  determinants  have  been  identified  on  the 
heavy  chains  of  immunoglobulin  molecules  in  the  mouse.   Four  heavy   chain 
y^  (Y2a),  two  heavy  chain  yH  (ySb)  and  three  heavy  chain  -yA  (32A)  determinants 
have  been  identified  and  these  have  been  found  to  be  closely  linked  in  their 
genetic  control.   In  addition,  five  other  determinants  which  have  thus  far 
not  been  assigned  to  specific  immunoglobulin  molecules  have  also  been 
identified.  These  Ik   determinants  are  present  in  the  papain  Fc  region 
(constant  region)  of  the  heavy  chain. 

Immxmoglobulin  determinants  in  other  regions  of  immunoglobulin 
molecules,  namely  the  Fab  region  and  the  Fd  piece,  have  also  been  identified 
for  different  classes  of  immunoglobulins. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
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Immunoglobulin  in  the  form  of  myeloma  proteins  are  available  in 
some  inbred  strains  of  mice.  I^eloma  proteins  are  pure  molecular  forms  of 
immunoglobulins  and  can  be  obtained  by  experimentally  inducing  plasma  cell 
tumors  in  mice.  Immunoglobulin  determinants  on  myeloma  and  normal  immuno- 
globulins provide  genetic  markers  to  study  the  genetic  control  of  immuno- 
globulins and  their  role  in  antibody  synthesis.   These  types  of  studies 
provide  useful  comparative  models  for  investigations  of  human  immunoglobulins. 

Proposed  Course  of  Pro,iect: 

To  continue  as  outlined. 

Publications: 

1.  Potter,  M.  and  Lieberman,  R.:  Genetic  studies  of  immunoglobulins  in  mice. 
In  Antibodies.   Gold  Spring  Harbor,  L.I.,  N.Y.,  Cold  Spring  Harbor 
Laboratory  of  Quantitative  Biology,  I967,  Vol.  32,  187-202. 

2.  Lieberman,  R.,  Mushinski,  J.  F.  and  Potter,  M. :  Two-chain  immunoglobulin  A 
molecules:  abnormal  or  normal  intermediates  in  synthesis.  Science  159: 
1355-1357,  Mar.  1968. 
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1.  LCI 

2.  Microbiology  Section 

3.  Bethesda,  Maryland 

EHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  I968 

Project  Title:   Clinical  Investigations  in  Parasitic  Infections  and  Diseases 

Previous  Serial  Number:   SAME 

Principal  Investigator:   Mr.  Deaner  K.  Lawless 

Other  Investigators:  Dr.  Sheldon  M.  Wolff 
Dr.  John  N.  Sheagren 
Dr.  Rob  Roy  MacGregor 

Cooperating  Units:   LPD,  NIAID  (WIAID-125K) 

Man  Years:         NIAID  Other         Guest 

Lab.  Staff NIH  Personnel     Workers     TOTAL 

Total:  1-3/12  1-3/12 

Professional:     1-3/12  1-3/12 

Other: 

Project  Description: 

Investigation  on  parasitic  infections  and  diseases  in  man;  orientation 
and  review  teaching  program  in  medical  parasitology;  investigation  of  clinical 
cases  with  human  malaria;  investigations  in  mammalian  hosts  with  animal 
malaria  to  determine  the  coirrse  of  the  disease. 

Objectives: 

Parasitic  Diseases; 

1.  To  develop  improved  diagnostic  techniques. 

2.  To  understand  host-parasite  relations. 

3.  To  describe  more  accurately  the  natural  history  of  disease 
associated  with  protozoa  and  helminths. 

k.      To  study  the  epidemiology  of  these  infections  and  diseases. 

Intestinal  Protozoa: 

1.  Study  the  distribution  and  frequency  of  animal  amoeba  Entamoeba 
polecki  in  man. 

2.  Better  londerstand  host-parasite  relationships  as  related  to 
E.  polecki  infections  in  man. 
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3.   Study  the  possible  clinical  manifestations  and  pathological 
processes  of  E.  polecki  amoeba. 

k.     Demonstrate  and  compare  the  morphological  differential  character- 
istics of  E.  polecki  from  the  hLiman  dysentery  amoeba.  Entamoeba 
histolytica. 

5.  Identification  of  E.  histolytica,  E.  hartmanni  and  E.  polecki  in 
material  obtained  from  a  current  amebiasis  investigation. 

Medical  Parasitology  Instruction  and  Orientation; 

1.  To  iurpart  diagnostic  and  clinical  knowledge  of  parasitic  diseases 
through  the  medium  of  organized  courses  of  instruction,  special 
demonstration  and  review  sessions,  and  indexed  subject  material 
for  use  as  teaching  aids. 

2.  To  presejTve  appropriate  specimens  in  a  museum  for  future  reference. 

Malaria: 

1.  Study  the  clinical  manifestations  and  pathological  processes  of 
human  malaria. 

2.  Better  understand  host-parasite  relations  as  related  to  malaria. 

3.  Demonstrate  the  course  of  antibody  production  in  malaria,  using 
the  fluorescent  antibody  technique. 

k.      Investigate  antigenic  relations  between  the  various  species  and 
strains  of  malaria. 

5.  Correlate  altered  protein  patterns  and  antibody  response  in  malaria. 

6.  Investigate  hematological  and  protein  abnormalities  in  malaria. 

7.  Determine  the  relationship  of  malaria  to  certain  genetically  con- 
trolled physiological  characteristics  such  as  haptoglobinemia. 

8.  Investigate  animal  malaria  in  a  study  of  febrile  reactivity  to 
endotoxin  before  and  after  malaria;  also  the  disease  response 
to  new  drugs  with  antimalarial  potential. 

Methods  Eniployed; 

Parasitic  Diseases: 

1.  Patient  procurement  through: 

a.  Study  of  volimteers 

b.  Physician  referrals 

'  c.  Patients  of  the  LCI  hospitalized  for  a  variety  of  causes. 

2.  Routine  laboratory  and  specialized  techniques: 

a.  Consultant  and  directive  services  to  Clinical  Pathology 

Department,  CC;  to  Peace  Corps;  to  countries  such  as  Vietnam 
through  AID,  State  Department;  and  to  other  specified  govern- 
ment agencies. 

Intestinal  Protozoa: 

1.  Patient  procurement  through: 
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a.  Microscopic  study  of  stool  samples  obtained  from  patients 
hospitalized  at  the  LCI  for  various  causes  and  from  out- 
patient referrals. 

b.  Microscopic  study  of  stained  case  material  collected  and 
processed  in  India. 

2.  Routine  methods  of  microscopic  search,  with  photomicrographs  made 
of  representative  amoeba. 

Medical  Parasitology  Instruction  and  Orientation; 

1.  Participating  by: 

a.  Clinical  Associates  attached  to  the  Laboratory  of  Clinical 
Investigations  program,  NIH. 

b.  Clinical  Associates  attached  to  the  Clinical  Pathology 
Department,  NIH. 

c.  Professional  and  technical  personnel  of  the  NIH,  DHEW,  and 
other  government  agencies. 

2.  Routine  methods  of  classroom  and  laboratory  teaching  with  emphasis 
on  review  type  instruction. 

a.  Classroom  instruction  includes  subject  presentation  by  lectiore, 
visual  aids,  and  written  or  oral  review. 

b.  Laboratory  instruction  includes  demonstration  of  microscopic 
and  gross  specimen  material,  review  of  technical  procedures, 
practical  review  examinations,  and  familiarization  with 
standard  references. 

Malaria: 

1.  Human: 

a.  Patient  procurement  through  malarial  infections  referred  to 
the  Clinical  Center. 

b.  Routine  and  specialized  techniques. 

c.  Close  communication  and  liaison  with  the  laboratories  and 
workers  participating  in  these  investigations. 

2 .  Animal : 

a.  Host  and  induced  strain  obtained  at  the  NIH. 

b.  Routine  and  specialized  techniques. 

c.  Close  communication  and  liaison  with  the  laboratories  and 
workers  participating  in  these  investigations. 

Major  Findings: 

Parasitic  Diseases: 

Parasitic  disease  investigations  have  been  centered  largely  aroiond  the 
study  of  Protozoa  and  Helminth  infections  from  medical  cases  assigned  to  the 
LCI  of  special  parasitic  interest  as  observed  from  Clinical  Center  and  outside 
local  and  overseas  referrals.  Parasitemia  response  to  ciirative  drug  therapy 
was  followed.  Significant  specimen  material  has  been  processed  for  teaching 
and  museum  use.   Select  material  of  research  interest  requested  by  other  NIH 
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investigators  has  'been  collected  from  this  soijrce  and  delivered  for  use. 

Intestinal  Protozoa: 

li^om  stained  permanent-mount  fecaJ.  specimens  collected  and  processed 
in  India,  intestinal  protozoa,  with  emphasis  on  E.  histolytica  and  E. 
hartmanni,  have  been  identified  as  part  of  a  collaborative  study  with  the 
LPD  on  amebiasis  in  India.  E.  polecki  has  also  been  identified  from  this 
material.  This  is  a  PL  kQO   project  currently  in  progress. 

Medical  Parasitology  Instruction  and  Orientation; 

A  well-organized  and  versatile  teaching  program  is  offered  by  the 
unit.  Annually,  the  Spring  and  Fall,  a  complete  20-hour  review  course  in 
Protozoology  and  Helminthology  is  presented  to  the  professional  Clinical 
Associate  personnel  of  the  LCI  and  LCP  here  at  the  RIH.  Each  course  is 
conducted  over  a  period  of  three  months.  Class  convenes  once  a  week  for  an 
hour  and  a  half.  A  thoroiogh  review  of  the  important  theoretical  and  practical 
phases  of  the  subject  is  presented.  Review  emphasis  is  on  parasite  identi- 
fication, laboratory  processing,  and  disease  pathology,  synrptomatology  and 
therapy . 

The  teaching  material  available  consists  of  a  microscopic  slide  and 
gross  specimen  museum,  organized  lectures,  and  photographic  collection. 
Many  special  programs  are  presented,  i.e..  Medical  Board  review  sessions, 
special  lecture-demonstration  programs  to  professional  and  semi-professional 
personnel  of  the  NIH  and  to  other  eligible  government  agencies.  Individual 
type  review  and  orientation  instruction  is  conducted  at  the  request  of  other 
medical  agencies.  Microscopic  slide  review  sets  of  paras it ological  material 
for  loan  are  mad.e  available  to  eligible  personnel. 

Malaria; 

No  major  findings  during  the  period  July  1,  196?  through  June  30,  I968. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 

Parasitic  Diseases; 

The  parasitology  laboratory  diagnostic  service  functions  as  an 
investigative  unit  in  the  identification  of  parasitological  material  from 
the  patients  and  voliinteera  participating  in  the  LCI  research  program.  It 
also  serves  as  a  laboratory,  consultant,  and  advisory  unit  to  the  Clinical 
Center.  This  service  is  extended  to  the  Employee  Health  Service  of  the  NIH 
on  its  medical  program  to  government  personnel  retiirning  from  overseas 
assignments.  The  unit  acts  in  a  similar  capacity  to  other  institutes  of  the 
NIH  and  to  other  specified  government  agencies  requesting  assistance.  It  is 
actively  engaged  in  designated  research  activities  within  the  bio-medical 
program  of  the  Institute. 
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Significant  paras itological  material  obtained  from  the  above  sources 
is  utilized  for  the  improvement  of  diagnostic  techniques,  for  the  piirpose  of 
better  understanding  host-parasite  relations,  and  from  the  information 
obtained,  assists  in  accurately  describing  the  natioral  history  of  a  parasitic 
disease.  A  ready  source  for  research,  teaching  and  demonstration  material  is 
always  available. 

Intestinal  Protozoa; 

The  amebiasis  project  in  India  is  directed  by  the  LPD.  As  support  to 
the  study,  this  department  was  engaged  in  the  identification  of  intestinal 
protozoa  from  selected  case  material. 

Medical  Parasitology  Instruction  and  Orientation: 

The  purpose  of  the  teaching  and  public  relations  services  of  the  unit 
is  to  provide  a  review  and  orientation  program  to  designated  professional 
and  technical  personnel  participating  in  the  bio-medical  research  program  of 
the  NIAID  and  other  collaborating  institutes  of  the  NIH.  The  service  is 
extended  to  similar  personnel  of  other  designated  government  agencies  who 
request  such  assistance  from  the  NIAID. 

Malaria; 

This  project  is  concurrent  with  the  LCI  fever  studies  of  the  NIAID, 
involving  both  human  and  animal  research. 

Proposed  Coiirse  of  Project; 

Parasitic  Diseases; 

The  diagnostic  laboratory,   consultant,   and  directive  services  of  the 
Parasitic  Disease  Unit  will  continue  its  siipport  action  to  the  bio-medical 
research  program  of  the  Institute.     New  or  improved  parasitological  laboratory 
techniques  and  host-parasite  relations  will  be  investigated. 

Intestinal  Protozoa; 

The  LCI  Parasitic  Disease  Unit  will  continue  to  assist  in  the  Indian 
PL  ij-SO  project  directed  by  the  LPD,  NIAID. 

Medical  Parasitology  Instruction  and  Orientation: 

The  teaching  and  public  relations  services  of  the  Parasitic  Disease 
Unit  will  continue  to  provide  instruction  and  orientation  training  programs 
within  the  Institute  and  give  special  lectures  and  demonstrations  to  other 
medical  activities  of  the  NIH. 
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Malaria; 

The  diagnostic  laboratory  services  of  the  Parasitic  Disease  Unit  will 
continue  its  support  of  this  project,  in  both  human  and  animal  studies  as 
designed  by  LCI  investigators. 
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1.  LCI 

2.  Infectious  Disease 

Section 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1967  through  June  30,  1968 


Project  Title:   Systemic  Fungal  Disease 

Previous  Serial  Number:   SAME 

Principal  Investigator:   Dr.  John  E.  Bennett 

Other  Investigators:   None 

Cooperating  Units:  None 


Man  Years:        NIAID 

Other 

Guest 

Lab.  Staff 

NIH  Personnel 

Workers 

TOTAL 

Total:            4 

4 

Professional:      2 

2 

Other:           2 

2 

Project  Description: 

Objectives: 

1.  To  study  diagnosis,  pathogenesis  and  immunology  of  systemic 
fungal  infections. 

2.  To  study  the  pharmacology  and  therapeutic  value  of  antifungal 
antibiotics . 

Methods  Employed: 

Patients  with  cryptococcosis  and,  rarely,  other  systemic  mycoses 
are  admitted  to  the  Clinical  Center  to  study  immunologic  response  to 
their  infection  and  its  treatment.   Immunologic  responses  of  experimental 
animals  to  cryptococcal  antigens  are  also  studied. 

Major  Findings: 

1.  Crvptococcus  neoformans  skin  test  antigen. 

A.  Preparation  and  characterization.  Study  of  the  antigen 
preparation  process  designed  here  has  revealed  the  optimal  conditions 
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of  pH,  urea  concentration  and  duration  of  extracting  the  fungal  cell  to 
provide  the  best  yield.  Characterization  of  the  delayed  hypersensitivity 
antigen  in  this  extract  has  found  it  to  be  a  low  molecular  weight  basic 
protein.  This  antigen,  which  appeared  homogeneous,  has  not  been  separable 
from  a  carbohydrate  moiety  on  salt  fractionation,  sucrose  gradient,  sephadex 
chromatography,  cellulose  acetate  or  starch  gel  electrophoresis  and  may  be  a 
glycoprotein.  It  has  contained  antigenic  determinants  common  to  the  poly- 
saccharide cryptococcal  capsule. 

B.  Skin  testing.  Although  patient  trials  with  the  antigen  are 
continuing  both  here  and  in  a  cooperative  study  with  Dr.  Joseph  Bates  in 
Little  Rock,  Arkansas,  epidemiologic  and  ecologic  information  obtainable 
by  skin  testing  with  this  antigen  is  already  known  to  be  weakened  by  extensive 
cross-reaction  with  Blastomyces  dermatitidis.  The  insensitivity  of  the 
commercially  available  mycelial  antigen,  "Blastomycin",  led  to  the  prepara- 
tion of  a  soluble  extract  of  yeast  phase  Blastcmyces.  Concomitant  testing 
with  this  newly-devised  antigen  and  that  of  C.  neof ormans  has  appeared 
valuable  in  guinea  pigs  and  in  preliminary  patient  studies  in  identifying 
correctly  the  sensitizing  fungus. 

Another  facet  of  importance  to  field  tests  is  the  discovery  of 
strain  variation  in  skin  antigens.  This  has  suggested  that  a  pooled  antigen 
might  be  superior  to  the  single  strain  currently  in  use. 

2.  Immunologic  responsiveness  in  cryptococcosis. 

The  lack  of  antibody  formation  and/or  delayed  hypersensitivity 
to  cryptococcal  infection  in  a  significant  proportion  of  patients  ha«  led 
to  studies  of  immunogenic ity  of  the  cryptococcal  cell  In  rabbits.  In  all 
apparently  non-immunogenlc  Isolates  studied,  removal  of  the  polysaccharide 
capsule  by  sonificatlon  and  washing  changed  the  rabbit's  response  to  immuniza- 
tion from  a  state  of  antigen  excess  to  that  of  antibody  formation.  The 
antibody  formed  reacted  with  decapsulated  cells  as  well  as  with  soluble 
capsular  polysaccharide.  Addition  of  capsular  polysaccharide  to  the  vaccine 
only  partly  reduced  antibody  response.  This  was  interpreted  to  mean  that 
antibody  response  to  surface  polysaccharide  capsule  did  not  occur  but  that 
the  same  determinants  in  more  internal  sites  were  immunogenic,  perhaps 
because  they  were  located  there  in  a  glycoprotein  matrix. 

3,  Species  specific  and  group  specific  C.  neoformans  antlsera. 

During  completion  of  the  cryptococcal  serotyplng  experiment 
mentioned  in  last  year's  report  an  unexpected  finding  was  a  marked  difference 
in  the  geographic  distribution  of  serotypes.  Of  15  isolates  known  to  come 
from  California  93.3%  were  types  B  or  C.  This  is  to  be  compared  with  87 
Isolates  from  other  states,  of  which  2.3%  were  type  B  or  C. 

Attempts  to  reproduce  a  published  method  for  preparing  specific 
C.  neoformans  antiserum  found  that  such  sera  failed  to  agglutinate  many  Isolates, 
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An  entirely  different  method  was  devised,  using  two  different  rabbit  antisera, 
which  together  reacted  with  92  representatives  of  the  four  serotypes  but  with 
none  other  of  35  closely  related  species. 

4«  Amphotericin  B  pharmacology. 

Studies  on  the  physical  state  of  amphotericin  B  in  blood  found 
that  the  drug  did  not  remain  colloidal  but  became  bound  to  betalipoprotein. 
This  finding  on  Immunoelectrophoresis  and  autoradiography  of  C-'-^  amphotericin 
B  serum  mixtures  explained  the  previous  findings  that  amphotericin  B  traveled 
near  the  fronton  sephadex  G200  but  remained  at  the  top  of  5-207o  sucrose  gradients 
even  during  prolonged  runs . 

5.  Evaluation  of  5-f luorocytosine. 

Eight  patients  with  cryptococcosis  have  received  this  new  oral 
drug.   Preliminary  results  have  indicated  only  a  small  therapeutic  effect. 

6.  Evaluation  of  latex  agglutination  test  for  cryptococcosis. 

This  serologic  test  for  cryptococcal  polysaccharide  in  patient's 
body  fluids  was  reported  to  be  of  value.  Because  the  test  was  simpler  and 
more  rapid  than  the  complement  fixation  test  in  use  for  several  years  here, 
the  two  tests  were  compared  in  51  sera  from  patients  with  cryptococcosis  and 
in  139  rabbit  sera  known  to  contain  cryptococcal  antigen.  Titers  were  as 
high  or  slightly  higher  with  the  latex  fixation  test,  indicating  that  further 
study  of  this  test  is  warranted. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

This  year's  work  on  the  cryptococcal  skin  test  brings  us  nearer  the  goal 
of  having  a  useful  tool  to  find  the  natural  source  of  cryptococcal  infection 
for  man. 

An  understanding  of  why  a  cryptococcal  antigen  is  immunogenic  in  one  cell 
site  and  not  in  another  might  shed  more  light  on  the  nature  of  immunogenicity 
and  its  converse:   immunologic  unresponsiveness. 

Although  drug  evaluation  is  not  a  primary  interest,  problems  of  therapy 
remain  formidable  enough  to  warrant  trial  of  new  agents  and  to  expand  our 
knowledge  of  old  agents. 

Proposed  Course  of  Project: 

All  the  reported  projects  are  being  extended.  The  main  emphasis  will  be 
on  isolation  of  cryptococcal  antigens  and  characterization  of  their  immunological 
properties . 
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Publications: 

1.  Bindschadler,  D.  B.,  and  Bennett,  J.  E.:   Serology  of  human  cryptococcosis, 
Ann.  Intern.  Med,  (in  press). 

2o  Atkinson,  A.  J.  and  Bennett,  J.  E.:   Experience  with  a  new  skin  test 
antigen  prepared  from  Cryptococcus  neof ormans .  Amer .  Rev .  Resp .  Pis . 
(in  press) . 

3.  Jennings,  A.  J.,  Bennett,  J.  E.  and  Young,  V.  M.:   Identification  of 
Cryptococcus  neoformans  in  a  routine  clinical  laboratory.  Mycol .  Mycopath. 
Applic.  (in  press). 

4.  Wilson,  D.  E.,  Bennett,  J.  E.,  and  Bailey,  J.  W.:  The  serologic  grouping 
of  Cryptococcus  neoformans .  Proc.  Soc.  Exp.  Biol.  Med,  (in  press). 

5.  Witorsch,  P.  and  Utz,  J.:   North  American  blastomycosis:   a  study  of  40 
patients  since  the  introduction  of  specific  chemotherapy.  Amer .  J .  Med . 
(in  press) . 
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1.  LCI 

2.  Microbiology  Section 

3.  Bethesda^    Maryland 
PHS-NIH 

Individual  Project  Report 
July  1,  1967  through  June  30,  1968 

Project  Title:  Leprosy 

Previous  Serial  Number:  SAME 

Prinicpal  Investigator:  Dr.  John  N.  Sheagren 

Other  Investigators:  Dr.  Sheldon  M.  Wolff 

Cooperating  Units:   Dr.  Y.  T.  Chang,  Leonard  Wood  Memorial 

Dr.  C.  H.  Binford,  Leonard  Wood  Memorial 

Dr.  A.  P.  Monaco,  Boston  City  Hospital 

Dr.  John  R.  Trautman,  USPHS  Hospital,  San  Francisco 

Dr.  Jerome  B.  Block,  USPHS  Hospital,  Baltimore 

Man  Years :  NIAID  Other  Guest 

Lab.  Staff NIH  Personnel     Workers     TOTAL 

Total:  2/12  6/12  8/12 

Professional:     2/12  2/12 

Other:  6/12*  6/12 

Project  Description: 

Objectives : 

1.  To  examine  immunologic  responsiveness  of  patients  with  leprosy. 

2.  To  attempt  to  grow  M.  leprae  in  tissue  culture. 

3.  To  attempt  to  grow  M.  leprae  in  mice  treated  with  ant i lymphocyte 
serum. 

4 .  To  determine  the  effect  of  endotoxin  pretreatment  on  mice  infected 
with  M.  lepraemurium. 

Methods  Employed:  To  be  considered  under  each  objective. 

Major  Findings : 

Investigation  of  Immunologic  Characteristics  of  Patients  with  Leprosy: 
These  studies  of  immunologic  responsiveness  in  collaboration  with  the  USPHS 
Hospital  in  Carville,  Louisiana,  have  been  completed  and  the  data  analyzed. 
Patients  with  lepromatous  leprosy  were  found  to  exhibit  a  fairly  selective 
depression  of  delayed  type  hypersensitivity:   they  are  known  to  be  anergic 
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to  lepromin  and  we  found  them  unable  to  be  sensitized  with  a  new  contact 
allergen,  dinitrochlorobenzene  (DNCB).   In  parallel  with  this  finding  was  a 
deficiency  in  lymphocyte  transformation.   Ability  to  form  circulating  anti- 
bodies was  entirely  normal.   Abnormalities  were  also  noted  in  the  levels  of 
the  yG   and  yA  immunoglobulins  and  complement.   These  studies  have  now  been 
completed  and  are  being  submitted  for  publication. 

Cultivation  Studies;  Continued  attempts  have  been  made  to  grow  M.  leprae 
bacilli  macrophage  cultures.   Immunosuppressive  therapy  (Imuran,  cortisone)  in 
vitro  in  such  cultures  has  not  enhanced  growth.   Likewise,  cultures  of  macro- 
phages from  mice  made  tolerant  to  M.  leprae  antigens  by  treatment  with  Imuran 
after  I.V.  inoculations  of  killed  M.  leprae  I.V.  were  not  better  able  to  grow 
M.  leprae  obtained  from  a  fresh  case  of  leprosy. 

tfouse  Inoculation  with  M.  leprae;  Attempts  are  underway  to  attempt  to 
grow  M.  leprae  in  immunosuppressed  mice.  Other  investigators  have  reported 
disseminated  infection  with  M.  leprae  (from  human  biopsies)  in  mice  treated 
with  thymectomy  and  total  body  irradiation. 

We  are  utilizing  mice  treated  by  the  method  of  Dr.  A.  P.  Monaco  of  the 
Boston  City  Hospital.  These  animals  are  thymectomized  and  then  treated  with 
anti-mouse  lymphocyte  serum  produced  in  rabbits.  This  treatment  results  in 
almost  complete  immunosuppression  (skin  grafts  and  even  heterotumor  grafts 
are  readily  accepted)  with  very  little  toxicity.   We  have  a  group  of  these 
mice  into  which  we  have  inoculated  leprosy  bacilli  obtained  from  a  fresh  case. 
It  is  too  soon  to  evaluate  any  results,  but  we  would  hope  disseminated  infec- 
tion will  occur. 

Endotoxin  Effect  on  M.  lepraemurium  Infection;  The  nonspecific  protective 
effect  of  endotoxin  on  a  variety  of  experimental  infections  is  well  known.  This 
laboratory  has  reported  endotoxin's  protective  effect  on  a  fungal  infection 
(Candida  albicans  in  mice)  and  in  mouse  malaria  (Plasmodium  berghei) . 

Murine  leprosy  is  an  ultimately  fatal  infection  in  mice  with  a  latent 
period  of  4  to  6  months.   The  present  experiments  involve  pretreatment  of  mice 
with  endotoxin  and  then  infection  of  the  animals  with  M.  lepraemurium.   No  data 
is  yet  available  on  these  studies. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

1.  Our  studies  on  immunologic  reactivity  in  leprosy  have  helped  point 
out  the  deficiences  in  delayed  type  hypersensitivity  in  this  disease  and  have 
pointed  the  way  towards  investigating  the  major  points  of  immune  deviation 
which  possibly  lead  to  the  lepromatous  state. 

2.  The  ultimately  successful  culture  of  M.  leprae  bacilli  has  been  the 
object  of  intensive  research  for  many  years.  The  unavailability  of  quantities 
of  M.  leprae  for  biochemical  and  immunologic  studies  has  been  a  major  hinder- 
ance  to  research  in  this  field.   Our  efforts  will  continue. 
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3.  The  study  of  interaction  between  murine  leprosy  and  endotoxin  will 
tend  to  broaden  knowledge  of  the  nonspecific  protective  effect  of  endotoxin  as 
well  as  contribute  to  the  understanding  of  the  pathogenesis  of  mycobacterial 
infections . 

4.  Disseminated  growth  of  M.  leprae  in  immunosuppressed  mice  will  permit 
the  model  to  be  used  as  an  rn  vivo  cultivation  technique  for  this  fastidious 
(and  as  yet  unculturable  ^  vitro)  organism. 

Proposed  Course  of  Project: 

1.  At  present  no  further  clinical  investigations  of  leprosy  patients 
are  contemplated,  although  several  areas  are  being  considered  for  future 
projects . 

2.  The  studies  of  tissue  culture  immunosuppressed  mouse  growth  of  M. 
leprae  will  be  continued  to  study  the  growth  characteristics  of  the  organism, 
as  well  as  to  use  tissue  culture  material  for  immunologic  studies.   These 
studies  will  be  under  the  auspices  of  the  Laboratory  of  Biochemical  Pharma- 
cology, NIAMD. 

Publications ; 

1.  Block,  J.  B.,  Sheagren,  J.  N.,  Trautman,  J.  R.,  and  Wolff,  S.  M.  :  Impaired 
lymphocyte  transformation  in  lepromatous  leprosy.  Exp.  Hemat.  15:  143-144, 
1968. 
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1.  LCI 

2.  Immunology  Section 

3.  Bethesda,  Maryland 
PHS-NIH 

Individual  Project  Report 
July  1,  1967  through  June  30,  1968 

Clinical  and  Basic  Immunology:   The  Role  of  the  Circulating 
Lymphocyte  in  Immunologic  and  Infectious  States 


Previous  Serial  Number:   NONE 


Principal  Investigator:   Dr.  Lawrence  N.  Chessin 


Other  Investigators 


Cooperating  Units 


Dr.  Philip  R.  Glade 
Dr.  Daniel  Stites 
Dr.  John  K.  Kammermeyer 
Mrs.  Patricia  Baker 

Dr.  Ralph  A.  Reisfeld,  LI,  NIAID 
Dr.  Richard  Asofsky,  LGAR,  NIAID 
Dr.  William  Terry,  Immunology  Branch,  NCI 
Dr.  Yashar  Hirshaut,  NCI 
Dr.  Alan  S.  Rosenthal,  NHI 
Dr.  Harold  Moses,  LEP,  NIAMD 
Dr.  Ronald  Herberman,  NCI 
Dr.  Jacqueline  Whang-Peng,  NCI 
Dr.  Paul  Schmidt,  Blood  Bank,  Clinical  Center 
Mrs.  Mary  McGinniss,  Blood  Bank,  Clinical  Center 
Dr.  Steven  D.  Douglas,  Univ.  California  Medical  School 
Dr.  H.  Hugh  Fudenberg,  Univ.  California  Medical  School 
Dr.  Marlys  H.  Witte,  Washington  Univ.  School  of  Medicine 
Dr.  William  R.  Cole,  Washington  Univ.  School  of  Medicine 
Dr.  Robert  Purcell,  LID,  NIAID 
Dr.  Arthur  Turk,  LTD,  NHI 

Dr.  Alan  Coulson,  Royal  Imperial  Cancer  Research  Unit, 
London,  England 


Man  Years  : 

Total: 

Professional: 
Other:  . 


Project  Description: 


NIAID 
Lab.    Staff 


Other 
NIH  Personnel 


Guest 
Workers 


TOTAL 


6-3/12 

5-5/12 

10/12 


6/12 
6/12* 


6-9/12 
5-11/12 
10/12 


Extensive  clinical  and    laboratory   studies    relating   to   the    role,    structure 
and    function  of   the   circulating   lymphocyte   in  immunologic  and   infectious    states 
in  man  and  experimental  animals  were  undertaken.      Selected   patients  with  spe- 
cific  lymphoproliferative  and   immunoproliferative  disorders:      acute   infectious 
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mononucleosis,  infectious  lymphocytosis  and  lymphocytosis  of  unknown  etiology 
were  admitted  for  study  in  the  Clinical  Center  on  both  an  in-patient  and  out- 
patient basis.  A  comprehensive  survey  was  conducted  in  an  attempt  to  define 
the  role  of  microbial  pathogens,  immunologic  (hetero-  and  autoantibodies)  and 
hematologic  responses  in  the  etiology  and  pathogenesis  of  these  states.   In 
parallel  studies,  a  group  of  healthy  volunteers  were  evaluated  collaterally. 

Objectives : 

1.  To  investigate  the  biosynthetic  capabilities  of  circulating  lymphocytes 
derived  from  the  peripheral  blood  and  thoracic  duct  of  healthy  individuals  and 
patients  admitted  for  study. 

2.  To  investigate  the  potential  of  circulating  lymphocytes  for  long-term 
proliferation  iji  vitro. 

3.  To  further  define  the  cytodynamics  of  lymphocyte  transformation  in 
vitro. 

4.  To  develop  an  animal  model  for  studying  the  role  of  the  circulating 
lymphocyte  in  specific  antibody  synthesis. 

5.  To  identify  and  characterize  the  nature  (antibody-specificity),  heavy 
chain  class,  light  chain  types  of  the  hetero-  and  autoantibodies  in  patients 
admitted  for  study. 

Methods  Employed; 

Whole  leukocyte  suspensions,  as  well  as  purified  suspensions  of  circulating 
lymphocytes,  were  prepared  by  gravity  sedimentation  and  cell  fractionation  on 
glass  wool  columns. 

The  capacity  of  circulating  lymphocytes  to  proliferate  in  continuous 
culture  was  investigated  by  planting  harvested  cells  (3.0  x  10"  -  5.0  x  10') 
in  2  ounce  screw  cap  prescription  bottles  containing  10  ml  RPMI  (Roswell  Park 
Memorial  Institute)-1640  medium  supplemented  with  207o  heat-inactivated  fetal 
calf  serum,  penicillin,  streptomycin  and  1-glutamine.  A  routine  feeding  sch- 
edule was  followed.   Thirty  percent  to  507o  of  the  supernatant  culture  fluid  was 
removed  and  replenished  with  fresh  medium  following  gravity  sedimentation  of 
cells.   Cultures  were  fed  twice  a  week  for  the  first  two  weeks  and  then  weekly 
until  a  culture  was  terminated. 

Lymphocyte  transformation  studies  were  performed  with:   1)  Purified  mito- 
gens -phytohemagglutinin  (PHA) ,  pokeweed  (PWM) ;  2)  antigens  -  PPD ;  ASLO;  vaccinia; 
arsanilic  ovalbumin;  Vi  polysaccharide;  Pneumococcus  SSS  type  XIV  and  soluble 
specific  blood  group  antigens  A,  B  and  H. 

The  biosynthetic  capabilities  of  circulating  lymphocytes  were  assessed 
following  pulselabeling  with  the  radioactive  nucleoside  precursors  H-^-thymidine 
(DNA),  H-^-uridine  (RNA)  ,  and  ^^C-isoleucine ,  1^-lysine. 
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1.  Newly  synthesized  DNA  and  RNA  macromolecules  were  identified  by  auto- 
radiography and  liquid  scintillation  counting  of  the  precipitated  DNA  and  RNA. 

2.  Isotopically  labeled  (  C)  immunoglobulins  were  identified  by  (a) 
immunoelectrophoresis  with  polyvalent  antisera  and  antisera  specific  for  the 
heavy  chain  classes  [igG  (y) ,  IgA  (a),  IgM  (p,)  and  IgD  (0)J  and  light  chain 
types  [type  (k)  and  type  (^)}    followed  by  autoradiography  or  liquid  scintil- 
lation counting  of  specific  immune  precipitates;  (b)  fractionation  of  isotop- 
ically labeled  growth  fluids  on  Sephadex  (G200)  gel  chromatography,  analytical 
multiphase  zone  electrophoresis  of  polyacrylamide  gels  followed  by  radioimmuno- 
electrophoresis ,  Ouchterlony  tests  and  liquid  scintillation  counting  of  spe- 
cific precipitates. 

In  addition  to  the  biosynthetic  studies,  the  cytoarchitecture  of  circula- 
ting lymphocytes  were  examined  histochemically ,  by  conventional  electron  micro- 
scopy techniques ,  and  with  fluorescein-isothiocyanate  conjugated  antisera  spe- 
cific for  the  heavy  chain  classes  and  light  chain  types  of  human  immunoglobu- 
lins.  The  phagocytic  capacity  of  circulating  lymphocytes  as  well  as  their 
ability  to  release  endogenous  pyrogen  following  incubation  with  sterile  poly- 
styrene particles  or  heat-killed  Staphylococcus  albus  was  also  investigated. 

The  biologic  specificity  and  immunochemical  characteristics  of  hetero-  and 
autoantibodies  was  determined  by  specific  hemagglutination  tests  with  known 
panels  of  red  cells.  Antibodies  were  isolated  by  either  specific  elution  from 
known  red  cell  types  or  Sephadex  gel  chromatography.  Antibodies  were  chara- 
cterized by  agar  gel  diffusion,  immunoelectrophoresis,  and  quantitative  pre- 
cipitin curves . 

Major  Findings ; 

General  lymphocyte  biology. 

1.   Circulating  human  lymphocytes  synthesize  immunoglobulins  in  vitro. 
Immunoglobulin  molecules  with  IgG  (y) ,    IgA  (a),  IgM  (^) ,    IgD  (o),  Type  K  (^) 
and  Type  L  (A.)  polypeptide  chain  specificity  was  demonstrated  by  isotopic 
labeling  with  •'^C -amino  acids  and  identified  by  radioimmunoelectrophoresis  with 
class  and  type  specific  antisera.   Cell  fractionation  studies  on  glass  wool 
columns  revealed  that  there  were  two  functionally  distinct  populations  of 
immunoglobulin  synthesizing  cells  in  the  peripheral  blood:   (1)  non- phagocytic  , 
small  lymphocytes,  and  (2)  a  phagocytic  cell  fraction  containing  granulocytes, 
monocytes,  and  up  to  10  percent  small  lymphocytes.   Donors  displayed  marked 
individuality  with  regard  to  the  cell  concentration  necessary  for  detection  of 
newly  synthesized  immunoglobulin  molecules,  the  intensity,  position,  distri- 
bution of  radiolabel  in  specific  precipitin  arcs,  and  the  number  of  classes  and 
types  of  molecules  synthesized.   Circulating  lymphocytes  taken  from  the  same 
individual  on  separate  occasions  displayed  distinctive  biosynthetic  profiles 
with  regard  to  the  specific  classes  and  types  of  immunoglobulin  molecules  syn- 
thesized.  Timecourse  biosynthesis  studies  revealed  that  cells  maintained  in 
tissue  culture  retain  the  capacity  to  synthesize  immunoglobulins  in   vitro  and 
display  distinctive  biosynthetic  patterns  after  various  periods  of  time  in 
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in  culture  medium. 

2.  Similarly,  isotopic  labeling  studies  revealed  that  circulating  lympho- 
cytes in  human  thoracic  duct  were  capable  of  synthesizing  immunoglobulin  mole- 
cules with  IgG  (Y),  IgA  (a),  IgM  (p,),  IgD  (0),  Type  K  (,^^)  and  Type  L  (X) 
specificity.   In  4  cases  where  paired  specimens  of  peripheral  blood  and  thoracic 
duct  lymphocytes  were  compared,  the  peripheral  blood  cells  displayed  a  more 
restricted  labeling  pattern,  that  is,  in  terms  of  the  number  of  heavy  chain 
classes  and  light  chain  types . 

In  addition,  a  continuous  immunoglobulin  producing  cell  line  was  isolated 
from  the  thoracic  duct  of  a  patient  with  hyperglobulinemia  of  unknown  etiology. 
This  cell  line  has  been  maintained  in  culture  for  over  8  months  and  synthesizes 
immunoglobulin  molecules  with  monoclonal  IgG,  Type  K  specificity.   This  contin- 
uous cell  line  possessed  a  characteristic  chromosomal  aberration  previously 
described  in  patients  with  Waldenstrom's  raacroglobulinemia . 

3.  Specific  antibody  synthesis  by  burro  peripheral  blood  lymphocytes  was 
demonstrated  rn  vitro.   Animals  were  immunized  with  arsanilic-ovalbumin  (Ars- 
Oval)  and  precipitating  serum  antibody  against  the  haptene-protein  conjugate 
was  demonstrated  by  gel  diffusion  techniques.   Immunoglobulin  and  specific  anti- 
body synthesis  by  cells  was  demonstrated  by  radioimmunoelectrophoresis .   Cells 
from  both  control  animals  and  animals  making  specific  serum  antibody  synthesized 
immunoglobulins  In  vitro.   Only  cells  from  animals  making  specific  serum  anti- 
body and  cultured  in  the  presence  of  antigen  made  specific  antibody  to  Ars- 
Oval.  Antibody  biosynthesis  could  be  demonstrated  as  early  as  48  hours  after 
cells  were  placed  in  culture  with  antigen.   Pulse-labeling  studies  revealed 
that  antibody  synthesis  was  maintained  for  7  days. 

4.  In  the  course  of  the  year  an  extremely  sensitive  method  was  developed 
for  studying  single  cells  rn  vitro.   Leukocytes,  10^-10"  per  ml,  were  suspended 
in  0.5-17o  agar  containing  nutritive  media  and  sealed  in  glass  capillary  tubes, 
inside  diameter  1.5  mm;  cell  continued  to  metabolise  for  3-7  days  while  single 
cells  were  observed  and  photographed.   By  a  technique  similar  to  that  used  by 
Bowman  et^  al.  ,  in  an  antibiotic-sensitivity  assay,  an  agar  suspension  of  mito- 
gen or  antigen,  for  stimulating  transformation,  was  deposited  in  the  capillary 
lumen  before  introduction  of  the  agar/cell  suspension.   In  this  way,  the  sep- 
arated leukocytes  are  fixed  before  being  exposed  to  mitogen  or  antigen,  and  are 
restrained  from  contact  with  other  cells.  Hence,  the  isolated  single  living  cell 
may  be  observed  and  studied.   Serial  observation  of  cells  in  this  system,  using 
phytohaemagglutinin,  showed  morphological  changes  characteristic  of  transforma- 
tion at  48  and  72  hours.   Since  single  cells  are  better  observed  in  a  system 
which  avoids  the  lens  effect  of  capillary- tube  curvature  and  allows  a  short 
working  distance  to  accommodate  an  oil-immersion  objective,  a  rectangular-cross- 
section  container  was  constructed  from  microscope  slides  and  coverslips  with  the 
height  of  the  section  adjusted  to  give  optimal  observation  of  the  cells  in  an 
oil  immersion  phase-contrast  system.   Single  cells  were  thus  serially  observed 
and  photographed  under  high  magnification.   An  alternative  method  was  devised. 
Two  ml  of  a  lymphocyte  suspension,  containing  1  x  10  cells  per  ml  was  mixed 
with  2  ml  of  1%  agar  ('lonagar.  No.  2,'  Oxoid)  in  Hanks'  medium  in  a  'Falcon' 
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plastic  30  ml  tissue-culture  flask.   The  temperature  of  the  agar  and  flask  was 
40°C  at  the  time  of  mixing,  and  the  temperature  of  the  cell  suspension  was  37°C, 
The  flask  was  rapidly  transferred  to  a  'Microtiter'  centrifuge  carrier  (Cooke 
Engineering  Co.)  and  centrifuged  at  1000  rpm  at  4°C ,  thus  to  the  largest  face  of 
the  flask  before  the  agar  set.   Later,  fluid  culture-medium  with  or  without 
stimulant  could  be  added  as  a  layer  above  the  agar.   Because  the  cells  were 
close  to  the  plastic  they  could  be  seen  directly  with  a  X  40  objective.   Con- 
ventional fixatives  can  be  applied  directly  to  the  agar,  and  blocks  of  the 
fixed  culture  can  be  removed  after  cutting  the  plastic  flasks.   Thin  slices  of 
the  fixed  agar  have  been  stained  with  pyronine-methyl-green  before  microscopic 
examination. 

5.  Quantitative  lymphocyte  transformation  studies  performed  on  paired 
specimens  of  thoracic  duct  and  peripheral  blood  lymphocytes  revealed  that  the 
number  of  antigen  reactive  cells  (PPD,  SLO  and  vaccinia)  traversing  the  two 
circulations  were  distinct,  however,  the  number  of  mitogen  responsive  cells 
(PWM,  PHA)  were  quantitatively  the  same. 

6.  Circulating  lymphocytes  obtained  from  individuals  previously  sensitized 
to  either  Vi  polysaccharide,  Pneumococcus  Type  XIV,  or  Blood  Group  Substances 
did  not  respond  to  antigen  in  the  classical  lymphocyte  transformation  test. 

7.  A  study  of  the  physical  and  chemical  properties  of  pokeweed  mitogen 
isolated  from  the  roots  of  pokeweed  (Phytolacca  americana)  has  shown  that  the 
material  obtained  by  preparative  acrylamide  gel  electrophoresis  is  an  electro- 
phoretically  homogeneous  glycoprotein  with  a  molecular  weight  of  32,000  ±  1,000, 
containing  3.2  per  cent  monosaccharides,  1.4  per  cent  hexosamine,  and  an  un- 
usually large  amount  of  cystine,  i.e.,  19  mole  per  cent.   S-carboxymethyl  cys- 
teine equivalent  to  only  30  reduced  disulfide  bridges  was  observed  despite 
double  reduction  and  alkylation  in  the  presence  of  7  M  guanidine.   It  seems 
highly  probable  that  the  molecule  consists  of  a  single  polypeptide  chain  con- 
taining 33  intrachain  disulfide  bridges,  since  it  is  most  likely  that  the  three 
disulfide  bridges  which  could  not  be  cleaved  reductively  are  intrachain  rather 
than  interchain  bridges .   Although  PWM  differs  markedly  from  another  plant 
lectin,  phytohemagglutinin  (PHA),  it  has  a  generally  similar  range  of  mitogenic, 
erythro- ,  and  leukagglutinating  activities. 

.8.   A  simplified  method  for  histochemical  localization  of  lysosomes  was 
developed  employing  the  aminoacridine  fluorescent  dye  "Euchrysine ."   This  has 
been  used  to  localize  these  structures  in  a  variety  of  hematopoietic  cells. 

9.   Fine  structural  studies  of  the  small  lymphocytes  ('resting  lympho- 
cyte^).  Purified  lymphocyte  suspensions  isolated  from  normal  human  peripheral 
blood  were  cultured  in  Eagle's  MEM  with  157o  autologous  serum  and  studied  at 
different  intervals  over  an  8-day  period.   The  freshly  isolated  lymphocytes 
('resting  lymphocytes')  as  well  as  the  cells  maintained  ijn  vitro  over  this  per- 
iod displayed  similar  cytoarchitectural  features.   The  cells  measured  5  to  8  |j, 
in  diameter  in  the  electron  micrographs.  Their  nuclei  were 

densely  heterochromatic  and  nucleoli  were  frequently  seen.   The  cytoplasm 
occupied  a  relatively  narrow  region  which  circumscribed  the  nucleus  and  con- 
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tained  frequent  nonaggregated  free  ribosomes ,  sparse  strands  of  endoplasmic 
reticulum,  occasional  lysosome-like  bodies,  few  mitochondria  and  a  poorly 
developed  Golgi  apparatus.   Pseudopodia  were  frequent. 

10.   Fine  structural  studies  of  continuous  lymphoid  cell  lines  revealed 
that  the  cells  ranged  in  diameter  from  8  to  30  ^.   Considerable  morphologic 
heterogeneity  was  observed.   Both  euchromatic  and  heterochromatic  nuclei  with 
one  or  more  prominent  nucleoli  were  seen.   The  nuclear  membrane  frequently  for- 
med folded  projections  into  the  cytoplasm  which  either  enclosed  cytoplasmic 
matrix  with  free  ribosomes  or  appeared  to  be  intimately  associated  with  a 
rough-surfaced  endoplasmic  reticulum.   Mitochondria  were  numerous  and  many 
displayed  the  alterations  which  have  been  described  in  PHA  and  PWM  cultures. 
Both  lysosome-like  bodies  and  lipid  vacuoles  were  prominent.   The  Golgi 
apparatus  was  usually  well-developed.   Included  in  the  established  cell  lines 
were  cells  which  showed  marked  resemblances  to:   1)  the  PHA  "blast-like"  cell, 
containing  sparse  endoplasmic  reticulum  and  numerous  nonaggregated  ribosomes; 
2)  the  PWM  "intermediate  cell"  characterized  by  frequent  ribosomal  aggregates 
and  significant  development  of  rough-surfaced  endoplasmic  reticulum;  and  3) 
cells  which  resembled  the  plasmablast,  characterized  by  more  extensive  develop- 
ment of  a  distended  endoplasmic  reticulum  forming  large  dilated  cisternae. 
Approximately  5  to  87o  of  cell  types  present  had  endoplasmic  reticulum  developed 
to  the  extent  resembling  an  immature  form  of  the  plasma  cell.   The  association 
of  a  well-developed  endoplasmic  reticulum  with  mitotic  figures  was  also  fre- 
quently observed. 

Clinical  Studies; 

In  the  course  of  the  past  year  a  total  of  118  patients  ranging  in  age 
from  6-28  years  were  seen.   Of  the  total  cases,  102  patients  were  heterophile- 
positive  and  16  were  heterophile-negative .   Although  no  consistent  microbial 
isolation  pattern  from  patient  specimens  could  be  established  in  the  hetero- 
phile-positive  group,  several  major  findings  were  noted. 

1.   Attempts  to  establish  long-term  cultures  of  peripheral  blood  leukocytes 
from  patients  with  infectious  mononucleosis,  included  66  samples  taken  from  23 
individuals  at  various  stages  of  the  disease.   Twenty-six  samples  from  18  pat- 
ients with  clinical  diseases  without  infectious  mononucleosis  or  known  malig- 
nancy and  14  samples  from  10  individuals  without  clinical  illness  were  studied 
collaterally.   Sixteen  specimens  from  peripheral  blood  of  5  patients  with  infec- 
tious mononucleosis  have  proliferated  in  long-term  suspension  culture.   The 
established  lines  grow  essentially  as  free-floating  pleomorphic  forms  with  a 
tendency  to  clump  despite  agitation  which  easily  reseparates  them  into  indivi- 
dual cells.   Giemsa  staining  reveals  wide  morphologic  heterogeneity  with  a 
fundamental  lymphoid  character  with  densely  stained  nucleus,  readily  visualized 
nucleoli,  vacuoles  and  variable  amounts  of  basophilic  to  faint  staining  cyto- 
plasm.  There  is  considerable  variation  in  cell  size  and  shape  and  quantity  of 
uropodia .   In  general,  the  cells  appear  quite  immature,  resembling  lymphoblasts 
and  phytomitogen  (phytohemagglutinin/pokeweed  mitogen)  stimulated  lymphocytes. 
Cells  reminiscent  of  plasmacytoid  "Downey"  cells  and  bizarre  nuclear  forms  are 
frequently  seen.   On  ultras tructure  analysis  a  spectrum  of  lymphoid  cells  is 
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seen  ranging  from  small  cells  with  close  morphologic  similarity  to  atypical 
lymphocytes  obtained  from  peripheral  blood  of  patients  with  infectious  mono- 
nucleosis to  large  multinucleate  forms.   On  chromosomal  analysis  a  predomi- 
nantly diploid  mode  was  found  for  all  lines  with  a  pseudodiploid  population 
accounting  for  4%  of  metaphase  plates  examined  in  one  of  the  lines.   Doubling 
time  ranged  from  48-80  hours  in  the  standard  culture  medium.   Cells  actively 
ingesting  cellular  and  nuclear  material  are  present  in  all  cultures.   Following 
incubation  with  sterile  polystyrene  particles  (0.8  mm,  Dow  Chemical  Co.)  or 
heat-killed  Staphylococcus  albus,  157=  to  307o  of  the  cells  showed  evidence  of 
phagocytosis.   Ingestion  of  Staphylococcus  albus  was  not  associated  with  rel- 
ease of  endogenous  pyrogen.   Histochemical  analysis  revealed  varying  quantities 
of  lysosomal  enzymes  but  complete  absence  of  peroxidase  and  leukocyte  alkaline 
phosphatase.   Most  cells  contain  material  which  stains  positively  by  the  PAS 
reaction.   No  morphologic  differences  could  be  discerned  for  phagocytic  and 
nonphagocytic  cells  prior  to  incubation  with  foreign  particles. 

2.  Interferon-like  activity  has  been  demonstrated  in  the  supernatants 
from  these  cell  lines.   This  material  is  not  sedimented  by  centrifugation  at 
105,000  X  g  for  90  minutes.   It  exhibits  specificity  for  cells  of  human  origin. 
In  addition,  it  is  trypsin  sensitive,  incapable  of  significantly  inhibiting 
adenovirus  replication  and  its  activity  is  markedly  reduced  by  Actinomycin  D 
pretreatment  of  the  host  cell. 

3.  Immunoglobulin  and  B]^c/Bj^3  (C  3)  biosynthesis  by  these  cell  lines  has 
been  demonstrated  by  radioimmunoelectrophoretic  techniques.   All  IM  cell  lines 
synthesized  molecules  with  IgG  (y)  heavy  chain  specificity.   Fourteen  cell  lines 
produced  molecules  with  IgM  (p,)  heavy  chain  specificity  and  eleven  cell  lines 
produced  molecules  with  IgA  (q,)  heavy  chain  specificity.   No  detectable  syn- 
thesis of  IgD  (6)  heavy  chain  was  observed  by  these  IM  cell  lines.   Thirteen 
cell  lines  produced  molecules  with  type  K  (k)  light  chain  specificity  and  six 
lines  produced  molecules  with  type  L  (^.)  light  chain  specificity.   Of  interest, 
nine  of  sixteen  IM  cell  lines  produced  IgG  (Y)  ,  IgA.  (a)  and  IgM  (m)  heavy 
chain  molecules  and  five  of  these  cell  lines  produced  molecules  with  type  K 

(j^)  and  type  L  (/^)  light  chain  specificity  as  well.   Further  characterization 
by  combined  polyacrylamide  gel  filtration,  immunodiffusion  and  autoradiography 
indicated  the  presence  of  newly  synthesized  immunoglobulin  molecules  with  both 
heavy  and  light  polypeptide  chains  in  close  association  as  well  as  free  light 
polypeptide  chain  synthesis.   Investigation  of  the  localization  of  immunoglo- 
bulin in  single  cells  by  immunofluorescent  techniques  revealed  that  five  per- 
cent to  227o  of  cells  in  these  lines  were  strongly  reactive  with  a  fluorescein 
isothiocyanate-conjugated  rabbit  antisera  directed  against  the  antigenic  det- 
erminants of  human  IgG  and  cross -reactive  with  the  determinants  common  to  IgA 
and  IgiM.   While  no  heterophile  antibody,  heteroagglutinin,  or  hemolytic  anti- 
body could  be  demonstrated,  in  their  biosynthetic  capacities  it  appears  that 
the  IM  cell  lines  more  closely  parallel  the  normal  peripheral  lymphocytes. 

4.  Immunofluorescent  and  electron  microscopic  studies  were  undertaken  in 
an  attempt  to  demonstrate  the  presence  of  the  suspected  etiologic  agent  of 
infectious  mononucleosis  in  16  long-term  leukocyte  cultures  derived  from  9 
patients  with  this  disease.   In  addition,  paired  acute  and  convalescent  sera 
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from  27  patients  with  infectious  mononucleosis  were  tested  for  anti-HLV  acti- 
vity.  Direct  immunof luorescent  staining  of  the  16  cell  lines  was  performed 
using  a  highly  reactive  anti-HLV  serum.   When  stained  with  this  reagent  0.1- l7o 
of  the  cell  population,  in  12  of  the  16  cell  lines  tested,  displayed  positive 
fluorescence.   Both  nuclear  and  cytoplasmic  staining  were  seen.   To  confirm 
the  fluorescent  antibody  findings,  all  cell  lines  found  to  contain  HLV  by  this 
method  were  also  examined  by  electron  microscopy.   Thus  far,  it  has  been  pos- 
sible to  demonstrate  HLV  in  three  of  the  fluorescent  positive  lines.   In  addi- 
tion, virus  had  been  found  earlier  in  a  fluorescent  negative  line,  42D,  examined 
by  electron  microscopy  several  months  before  immunof luorescent  tests  were  per- 
formed.  Taken  together,  immunofluorescence  and  electron  microscopy  have  shown 
that  at  least  one  cell  line   from  each  of  the  nine  donor  patients  contained  HLV 
or  cross-  reacting  antigens. 

5.  Fifty-four  paired  acute  and  convalescent  sera  from  27  patients  with 
infectious  mononucleosis  were  tested  against  the  P3j  and  MOBS  Burkitt  cell  lines 
which  possess  HLV  as  demonstrated  by  electron  microscopy.   Fourteen  sera  from 
patients  with  Burkitt  lymphoma  and  20  sera  from  normal  persons  were  tested 
against  the  same  lines.   Sera  derived  from  24  of  27  patients  with  infectious 
mononucleosis  displayed  elevated  anti-HLV  titers  during  the  acute  stages  of 
illness;  mean  1:160.   These  titers  persisted  as  long  as  six  months  after  re- 
covery.  In  nine  patients  the  titer  in  convalescence  fell  to  a  level  25  or 

less  of  the  initial  determination.   Three  patients  with  infectious  mononucleo- 
sis showed  no  anti-HLV  antibody  in  sera  tested  during  the  acute  phase  of  their 
illness  but  all  three  were  later  found  to  possess  this  antibody  in  convalescent 
specimens.   Of  the  14  Burkitt  sera  all  were  positive,  at  dilutions  of  1/40-1/640; 
mean  1/160.   Fifty  percent  of  normal  sera  showed  anti-HLV  activity;  mean  1/80. 

6.  Of  the  fourteen  continuous  suspension  cultures  derived  from  peripheral 
blood  leukocytes  of  patients  with  heterophile-positive  infectious  mononucleosis 
examined  by  electron  microscopy,  the  Burkitt's  tumor-associated,  herpes-like 
virus  (HLV)  was  identified  in  four  of  the  fourteen  cell  lines.   However,  all 
fourteen  of  the  cultures  contained ,  in  a  relatively  high  percentage  of  cells, 
reticular  arrays  of  small  (22  mlJ^)  particles  in  association  with  the  rough 
endoplasmic  reticulum.   These  aggregates  of  small  particles  were  also  found  in 
two  other  continuous  cell  lines  -  one  from  a  patient  with  leukocytosis  of  un- 
known cause  and  another  from  a  patient  with  idiopathic  hyperglobulinemia , 

Characterization  of  Hetero-  and  Autoantibodies. 

1.  ■  In  36  of  102  sera  examined  from  patients  with  infectious  mononucleo- 
sis, cold  agglutinins  were  identified.   The  majority  of  these  cold  agglutinins 
displayed  anti-i  specificity  as  shown  by  their  reactivity  with  cord  (Oi^Qj-j) 
cells  and  with  cells  from  a  genetically  I  negative  (Oinorth^  individual.   Cold 
agglutinins  with  only  I  or  with  both  li  specificities  were  seen  infrequently. 
The  cold  agglutinins  in  IM  displayed  a  wide  range  in  thermal  amplitude.   Immuno- 
chemical studies  revealed  that  these  cold  agglutinins  were  predominantly  of 
the  IgM  type,  and  in  two  examples  thus  far  encountered,  there  is  evidence  that 
in  the  same  serum  there  were  cold  agglutinin  molecules  with  both  IgM  and  IgA 
heavy  chain  class  specificity.   Of  those  cold  agglutinin  molecules  with  only 
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IgM  specificity,  light  chain  typing  revealed  that  in  27/34  specimens  examined 
there  were  molecules  with  both  kappa  (k)  and  lambda  (A.)  specificity;  5/34  with 
only  kappa  (k)  specificity  and  in  2/34  with  only  lambda  (A.)  specificity. 

2.  In  a  survey  of  142  sera  from  patients  with  known  Mycoplasma  pneumoniae 
who  developed  cold  agglutinins  96  displayed  anti  I  reactivity;  14  anti  01  react- 
ivity; 16  anti  HI  reactivity;  6  anti  Oi  reactivity  and  10  were  panagglutinins. 
Immunochemical  characterization  revealed  that  the  majority  of  these  cold  ag- 
glutinins were  IgM  in  character,  however,  IgA,  and  mixed  IgM/igG  cold  agglutinins 
were  also  found.   Light  chain  typing  revealed  that  monoclonal  (either  h  or  A.) 
and  polyclonal  (^  and  A.)  were  present. 

3.  In  studying  a  series  of  reference  reagents,  it  was  observed  that 
natural  occurring  agglutinins  in  eel  sera  display  a  spectrum  of  specificities 
against  0  (H)  and  I  determinants:   anti-0,  anti-H,  anti-OI,  anti-HI,  anti-IO 
and  anti-I.   These  findings  suggest  that  the  H  and  I  determinants  are  probably 
in  close  proximity  to  each  other  resulting  in  various  degrees  of  specificity  at 
the  antibody  combining  site. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute; 

The  variety  of  investigations  reported  under  this  Project  Title  represents 
a  multidisciplinary  clinical  and  laboratory  approach  to  our  further  understanding 
of  the  relationships  of  structure  and  function  of  the  circulating  lymphocyte  in 
health  and  disease.   Ov^er  the  course  of  the  past  year,  we  have  developed  a  sim- 
plified immunochemical  technique  for  examining  newly  synthesized  (isotopically 
labeled)  immunoglobulins  by  circulating  lymphocytes  v/hich  enabled  us  to  further 
extend  our  knowledge  about  the  biosynthetic  capabilities  of  these  cells.   We 
have  clearly  shown  that  circulating  ("resting")  lymphocytes  in  the  peripheral 
blood  possess  immunologic  memory  and  are  in  part  responsible  for  immunoglobulin 
and  specific  antibody  synthesis.   In  addition  to  examining  the  biosynthetic 
profiles  of  circulating  lymphocytes,  cell  fractionation  studies  have  revealed 
that  there  are  at  least  two  functional  populations  of  circulating  lymphocytes. 
The  latter  finding  is  of  importance  since  it  permits  us  to  examine  the  immuno- 
logic capabilities  of  these  cells  in  specific  antibody  synthesis. 

The  demonstration  in  our  laboratory  that  circulating  lymphocytes  have  the 
potential  for  long-tertn  proliferation  iji  vitro  represents  a  major  breakthrough 
in  cellular  immunology  since  it  has  afforded  us  a  means  of  studying  such  basic 
issues  a?   cytoarchitectural  features  of  lymphoid  cells,  immunoglobulin  synthesis, 
interferon  production,  and  the  presence  of  heretofore  undetectable  HLV  (herpes- 
like viruses).   Each  of  these  findings  serve  as  the  bedrock  for  further  exten- 
sive investigations  in  each  of  these  subdisciplines.  The  derivation  of  con- 
tinuous cell  lines  from  patients  with  infectious  mononucleosis  which  possess 
two  distinctive  viral  agents  may  be  of  singular  importance  since  these  particles 
may  in  time  prove  to  be  the  agents  etiologically  responsible  for  infectious 
mononucleosis  and  related  lymphoproliferative  disorders.  However,  a  cautionary 
note  with  regard  to  these  viral  agents  should  be  clearly  added  at  this  time. 
Although  it  is  tempting  to  conclude  on  the  basis  of  our  serologic  data  and  fine 
structural  studies  that  these  particles  are  related  to  the  etiology  and  patho- 
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genesis  of  IM,  until  Koch's  4th  postulate  is  fulfilled,  namely  transmobility 
of  these  particles  with  the  production  of  clinical  disease,  further  studies 
are  required.   Taken  together  all  the  aforementioned  findings  augment  our  know- 
ledge with  regard  to  the  functional  capabilities  of  the  circulating  lymphocytes 
It  is  hoped  that  such  additions  to  our  basic  knowledge  will  lead  to  further 
understanding  and  control  of  some  of  the  imrnunoproliferative  and  lymphopro- 
liferative  diseases  of  unknown  etiology. 

Proposed  Course  of  Project: 

Since  the  senior  investigator  will  be  leaving  the  Laboratory  of  Clinical 
Investigations  to  assume  the  position  of  Assistant  Professor  of  Medicine, 
Department  of  '^edicine,  University  of  Rochester,  the  project  will  be  terminated 
on  July  1,  1968.   Dr.  Julius  A,  Kasel  will  continue  to  investigate  the  virolo- 
gical  aspects  of  the  continuous  cell  lines  described  in  project  number  NIAID- 
14(c). 

Publications ; 

1.  Douglas,  S.  D.,  Hoffman,  P.  F.,  Borjeson,  J.,  and  Chessin,  L.  N.:   Studies 
on  human  peripheral  blood  lymphocytes  Jji  vitro.   III.   Fine  structural 
features  of  lymphocyte  transformation  by  pokeweed  mitogen.   J.  Immunol. 
98:   17-30,   1967. 

2.  Douglas,  S.  D.,  Borjeson,  J.,  and  Chessin,  L.  N. :   Studies  on  human  lympho- 
cytes in  vitro.   IV.   Comparative  fine  structural  features  of  the  estab- 
lished Burkitt  lymphoma  cell  lines  AL-1,  EB-2  and  phytomitogen  transformed 
lymphocytes.   J.  Immunol.  90:   340-346,  Aug.  1967. 

3.  Reisfeld,  R,  A.,  Borjeson,  J.,  Chessin,  L.  N. ,  and  Small,  P.  A.,  Jr.: 
Isolation  and  characterization  of  a  mitogen  from  pokeweed  (Phytolacca 
americana).   Proc .  Nat.  Acad.  Sci .  58:   2020-2027,  Nov.  1967. 

4.  Glade,  P.  R.,  Kasel,  J.  A.,  McFarlane,  H. ,  Borjeson,  J.,  Baker,  P.  D., 
Douglas,  S.  D.,  Reisfeld,  R, ,  and  Chessin,  L.  N. :   Identification  of  the 
pokeweed  mitogen  (PWM)  in  Africa.   Nature  216:   795-796,  Nov.  1967. 

5.  Chessin,  L.  N.,  and  McCinniss ,  M. :   Further  evidence  for  the  serologic 
association  of  the  0  (H)  and  I  blood  groups.   Vox.  Sang.  14:  194-201,  1968. 

6.  Coulson,  A.  S.,  Turk,  A.,  Glade,  P.  R.,  and  Chessin,  L.  N.:   Lymphocyte 
culture  in  agar.   Lancet  i:   89-90,  1968. 

7.  Glade,  P.  R.,  Kasel,  J,  A.,  Moses,  H.  L.  ,  Whang-Peng,  J.,  HoffiiGn,  P.  F., 
Kammermeyer,  J.  K. ,  and  Chessin,  L.  N. :   Infectious  mononucleosis:   con- 
tinuous suspension  culture  of  peripheral  blood  leukocytes.   Nature  217: 
564-565,  1968. 

8.  Chessin,  L.  N.,  Bain,  B.,  and  McFarlane,  W.:   Technical  and  conceptual 
aspects  of  leukocyte  culture.   In  Rieke,  W.  0.  (Ed.):   3rd  Annual  Leukocyte 

52 


Serial  No.  NIAID-22(c) 

Culture  Conference,  New  York,  Appleton-Crof ts    (In  press). 

9.   Douglas,  S.  D.,  Glade,  P.  R. ,  and  Chessin,  L.  N.:   The  fine  structure  of 

the  normal  lymphocyte.   In  Rieke ,  W.  0.  (Ed.):   3rd  Annual  Leukocyte  Culture 
Conference ,  New  York,  Appleton-Crof ts    (In  press). 

10.  Glade,  P.  R.  ,  Kasel,  J.  A.,  and  Chessin,  L.  N.:   Long-term  suspension 
cultures  of  peripheral  blood  leukocytes  from  patients  with  infectious  mono- 
nucleosis.  In  Rieke,  W.  0.  (Ed.):   3rd  Annual  Leukocyte  Culture  Conferen- 
ce ,  New  York,  Appleton-Crofts    (In  press). 

11.  Chessin,  L.  N. ,  Glade,  P.  R.,  Asofsky,  R.,  Baker,  P.  D.,  Reisfeld,  R. ,  and 
Terry,  W. :   Studies  on  human  peripheral  blood  lymphocytes  iji  vitro.   V. 
Biosynthesis  of  immunoglobulins.   J.  Immunol.  (In  press). 

12.  Chessin,  L.  N.,  Glade,  P.  R. ,  Witte,  M.  H. ,  and  Cole,  W.  H.:   Biosynthesis 
of  immunoglobulins  by  human  thoracic  duct  lymphocytes.   In  Proc .  Second 
Int.  Cong.  Lymphology  (In  press). 

13.  Glade,  P.  R.,  and  Chessin,  L.  N.:   Synthesis  of  B^^^/B^^g- globulin  (c'3)  by 
human  lymphoid  cells.   Int.  Arch.  Allergy  (In  press). 

14.  Landy,  M. ,  and  Chessin,  L.  N.:   The  effect  of  plant  mitogens  on  humoral 
and  cellular  immune  responses.   In  Humphrey,  J.  H.  and  Sorkin,  E.  (Eds,): 
The  Immune  Response  and  Its  Suppression.   (In  press). 

15.  Glade,  P.  R.,  Kasel,  J.  A.,  Haase,  A.  T.,  and  Chessin,  L.  N.:   Infectious 
mononucleosis:   interferon  production  by  established  suspension  cultures 
derived  from  peripheral  blood.   In  Froc .  Second  Int.  Cong.  Lymphology 
(In  press) . 

16.  Kasel,  J.  A.,  Haase,  A.  T.,  Glade,  P.  R. ,  and  Chessin,  L.  N.:   Interferon 
production  in  cell  lines  derived  from  patients  with  infectious  mononucleo- 
sis.  Proc.  Soc.  Exp.  Biol.  Med.  (In  press). 

17.  Hirshaut,  Y.,  Manaker,  R.,  Glade,  P.  R.,  Chessin,  L.  N.,  and  Kasel,  J.  A.: 
On  the  role  of  Burkitt  HL  virus  in  the  etiology  of  infectious  mononucleo- 
sis.  Persp.  in  Virol .  (In  press). 

18.  Moses,  H.  L.,  Glade,  P.  R.,  Kasel,  J.  A.,  Rosenthal,  A.  S.,  Hirshaut,  Y., 
and  Chessin,  L.  N. :   Infectious  mononucleosis:   detection  of  herpes-like 
virus  (HLV)  and  reticular  aggregates  of  small  cytoplasmic  particles  in 
continuous  cell  lines  derived  from  peripheral  blood.   Proc.  Nat.  Acad. 
Sci .  (In  press) . 


53 


Serial  No.  NIAID  -  23  (c) 

1.  LCI 

2.  Inmunology  Section 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  I,   1967  through  June  30,  1968 

Project  Title:  Observations  on  the  Canine  Immunoglobulins 

Previous  Serial  Nvmber:   NONE 

Principal  Investigator:  Dr.  John  S.  Johnson 

Other  Investigators:  Dr.  Herbert  Y.  Reynolds 

Dr.  Daniel  P.  Stites  j 

Dr.  Dale  E.  McFarlin,  MN,  NINDB  I 

Cooperating  Units:   Medical  Neurology  Branch,  National  Institute  of  Neurological 
Diseases  and  Blindness 

Man  Years:         NIAID  Other  Guest 

Lab.  Staff NIH  Personnel Workers   TOTAL 

Total:  1-9/12  1-9/12 

Professional:     1-4/12  1-4/12 

Other:  5/12  5/12    ^ 

Project  Description: 

Ob  iectives : 

Work  is  continuing  in  the  isolation  of  specific  canine  anti-DNP  antibody 
and  study  of  the  biological  and  physical  properties  of  the  isolated  immunoglob- 
ulins.  Studies  of  the  sites  of  origin  of  the  canine  immunoglobulins  and  the 
synthesis  of  these  proteins  by  lymphocytes  are  also  in  progress. 

Methods  Employed: 

Methods  used  include  gel  filtration  (Sephadex  and  agarose),  ion  exchange 
(DEAE,  CMC  cellulose  and  Dowex  resins)  and  antigen  (2,  4,  6  trinitrobenzeneamino 
ethyl  cellulose  immunoabsorbent)  column  chromatography.  Zone  electrophoresis 
methods  include  agar  gel  and  polyacrylamide .  Gel  diffusion  for  antigen  or  anti- 
body analysis  include  double  and  single  diffusion  methods  in  agar  and  poly- 
acrylamide gels.   Ultracentrifugation  analyses  have  utilized  the  Spinco  Model  E 
analytical  and  Model  L  machines.  Measurement  of  antibody  binding  constants  and 
valence  have  utilized  a  dye  binding  method  with  Nitiazine  yellow.   Immunof luores' 
cence  methods  have  utilized  standard  direct  and  indirect  techniques  with 
fluorescein  conjugates. 
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Major  Findings: 

Work  with  antihapten  antibody  isolated  by  the  use  of  a  2,  4,  6, 
trinitrophenylaminoethyl  cellulose  inmunoabsorbent  confirms  the  identity 
of  canine  nonprecipitating  antibody  with  the  7SY1  immunoglobulin  class. 
This  immunoglobulin  class  has  now  been  isolated  from  canine  colostrum  and 
found  to  have  size  and  sedimentation  characteristics  identical  to  its  serum 
counterpart.  Molecular  weight  determinations  are  in  progress  on  the  immuno- 
globulin class  from  both  sources.   Determinations  of  the  binding  affinity 
of  the  specifically  purified  7Syi,  anti-DNP  antibody  for  the  DNP  hapten  is 
being  determined  throughout  the  course  of  immunization. 

The  IISyi  immunoglobulin  class  previously  designated  Int.  Syi  has  been 
isolated  from  colostrum  by  a  complex  chromatographic  procedure  as  an  immuno- 
chemically  homogeneous  material  existing  as  two  sedimenting  species  of  S°20w^ 
10  and  12.  This  material  has  been  demonstrated  as  present  in  large  quantity 
in  cells  of  the  parotid  gland  and  ileum  lamina  propria  by  immunofluorescence. 
Further  work  is  in  progress  to  elucidate  the  structure  of  this  immunoglobulin 
class . 

The  antihapten  antibody  studies  have  demonstrated  appearance  of  anti-DNP 
antibody  in  all  six  known  classes  of  canine  antibody  proteins  by  the  fourth 
day  after  primary  immunization,  a  finding  in  agreement  with  a  growing  body  of 
evidence  suggesting  that  the  classical  notion  of  yM  being  the  earliest  antibody 
to  appear  after  primary  immunization  may  be  an  artifact  of  the  methods  used  to 
detect  antibody  responses . 

We  now  have  evidence  that  Y2c  is  a  G  subclass  by  virtue  of  cross  reacting 
heavy  chain  antigens.  There  is  also  preliminary  evidence  that  7Sy1  is  a  G 
subclass . 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

The  dog  is  subject  to  disease  syndromes  mimicking  systemic  lupus 
erythematosus,  rhevmatoid  arthritis.  Coombs  positive  hemolytic  anemia  atopic 
disease,  cyclic  neutropenia,  and  multiple  myeloma  as  they  occur  in  the  human 
being.  Elucidation  of  the  properties  and  structure  of  the  canine  immunoglobulins 
is  essential  in  the  study  of  the  dog  as  a  model  of  human  disease  syndromes. 

Proposed  Course  of  Project: 

Further  physicochemical  and  metabolic  studies  of  the  various  immunoglobulin 
classes  are  planned.   Special  attention  is  being  given  to  elucidation  of  the 
reasons  for  lack  of  precipitability  of  the  7Sy1  anithapten  antibody.  The 
immunofluorescence  studies  of  the  distribution  of  immunoglobulin  producing  cells 
from  various  sites  are  being  extended.  Attempts  are  underway  at  establishing 
continuous  cultures  of  immunoglobulin  producing  lymphoid  cells  from  the  dogs 
hyper immunized  with  DNP  hapten. 

Publications:   NONE 
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Project  Description: 

Ob  jectives : 

The  objective  of  this  study  is  the  isolation  of  vibrio  toxin  responsible 
for  diarrhea  production  and  its  use  as  an  experimental  tool  in  the  investigation 
of  the  mechanisms  of  protective  immunity  from  cholera  in  the  canine  model  employ- 
ed in  the  laboratory  of  Dr.  C,  J.  Carpenter. 

Me  thod  s  Emp 1 oyed : 

Standard  methods  of  isolation  and  study  of  proteins  were  utilized  including 
gel  filtration  and  cellulose  ion  exchange  chromatography,  polyarcrylamide  disc   ' 
gel  electrophoresis  and  analytical  ultracentrifugation.  Vibrio  cholera  organisms 
were  grown  in  protein  free  agitated  liquid  culture  and  sterile  supernates  were 
harvested  for  toxin  isolation.   Potency  testing  of  crude  supernates  and  chroma- 
tographic fractions  performed  in  Dr.  Carpenter's  laboratory  utilized  Thiry-Vella 
loops  in  dogs  and  isolated  ileal  segments  in  rabbits. 

Major  Findings: 

It  has  been  possible  to  fractionate  crude  supernatent  fluids  from  Vibrio 
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cholera  cultures  by  zone  electrophoresis,  gel  filtration  and  ion  exchange 
chromatography.  The  majority  of  soluble  material  released  by  growing  cholera 
organisms  into  protein  free  culture  media  has  been  found  to  be  of  very  large 
size  as  determined  by  gel  filtration  and  rapid  sedimentation  characteristics 
as  determined  by  analytical  ultracentrifugation.   It  exists  as  four  sedimenting 
species  of  S  greater  than  30  uncorrected.  This  heterogeneous  material  when 
examined  by  analytical  polyarcrylamide  disc  gel  electrophoresis  is  resolved  into 
more  than  20  different  electrophoretic  bands. 

Fractionation  procedures  have  resulted  thus  far  in  marked  loss  of  biologic 
activity.   It  is  apparent  that  the  vibrio  toxin  is  present  in  very  small  amounts, 
probably  on  the  order  of  a  few  micrograms  per  100  ml.  of  culture  supernate. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

The  study  of  cholera  and  development  of  means  of  its  control  are  programs 
of  great  interest  to  this  Institute.  This  laboratory's  experience  in  the  field 
of  canine  immunoglobulins  and  the  availability  of  the  canine  model  permit  a 
unique  opportunity  for  study  of  this  disease. 

Proposed  Course  of  Project: 

Further  attempts  at  isolation  of  active  toxin  are  in  progress.  When 
isolated,  elucidation  of  the  structure  of  this  material  and  the  study  of 
its  mechanism  of  action  will  be  undertaken.  It  will  be  used  in  studying 
the  immune  response  in  the  dog . 

Publications:   NONE 
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RNA  Tumor  Viruses  as  Etioiogic  Agents  of  Solid  Tumors  as  well  as  Leukemia 

Dr.  Robert  J.  Huebner 
Chief,  Laboratory  of  Infectious  Diseases 

The  ultimate  objective  of  the  LVD-VCB  studies  of  the  "C"  type  RNA  viruses, 
which  are  natural  causes  of  "solid  tumors"  as  well  as  of  leukemias  in  mice 
and  in  chickens,  is  to  find  out  if  similar  neoplasms  of  man  are  also  caused 
by  such  viruses.   Since  "C"  type  viruses  are  rarely,  if  ever,  seen  by  electron 
microscope  in  leukemic  or  other  human  cancer  tissue,  and  none  have  yet  been 
isolated  in  vitro  despite  extensive  efforts,  one  must  conclude  that  such 
viruses  either  are  not  involved  in  the  etiology  of  human  cancer  or  if  they 
are,  the  "C"  type  viral  gene  in  man  is  seldom  if  ever  expressed  to  the  extent 
that  the  complete  virus  is  easily  observed  or  isolable. 

It  is  important  to  note  that  this  does  not  mean  that  such  viral  genes  are 
absent  from  human  tumors  since  newly  developed  in  vitro  diagnostic  methods 
show  that  "C"  type  particles  and  infectious  virus  may  frequently  appear  to 
be  absent  in  avian  or   murine  tumors  when  in  fact  the  genomes  of  these  viruses 
are  present.  They  are  simply  not  expressed  as  complete  or  infectious  virus 
particles.  Therefore,  while  many  leukemias,  lymphomas  and  sarcomas  of  mice 
and  chickens  readily  reveal  "C"  type  infectious  particles  (mainly  when  they 
occur  in  vertically  infected  highly  inbred  strains  of  animals),  many  others 
do  not.   Fortunately  we  developed  in  FY  1967  for  both  groups  of  viruses 
highly  sensitive  tissue  culture  techniques  for  demonstrating  covert  and/or 
incompetent  particles,  and  even  for  unmasking  incomplete  viral  genomes. 
During  FY  1968  these  techniques  reached  a  degree  of  sophistication  which 
permitted  extensive  natural  history  studies  of  numerous  large  populations  of 
mice  at  the  NIH  and  at  the  Jackson  Memorial  Laboratory.  We  found  that  several 
inbred  mouse  strains  such  as  the  BALB/c,  C57BI  and  others,  thought  previously 
to  be  free  of  oncogenic  viruses  because  of  the  virtual  absence  of  spontaneous 
cancers  until  after  18  to  24  months  of  life,  experienced  widespread  covert 
or  "masked"  infection  with  the  "C"  type  viruses  (described  below). 

Similarly,  non-inbred  general  purpose  Swiss  mice  (NIH-GP,  JAX-SWR)  in  certain 
colonies  appeared  to  be  virtually  free  of  such  viruses  until  they  developed 
lymphoma  or  solid  tumors  very  late  in  life,  at  which  time  previously  undetect- 
able leukemia-sarcoma  viral  antigen  was  suddenly  unmasked.  On  the  other  hand, 
non-inbred  commercial  mice  (such  as  CFI  and  CFW)  were  shown  to  be  heavily 
infected  with  covert  "C"  type  viruses  of  the  leukemia-sarcoma  complex.  These 
paradoxical  situations  in  different  mouse  colonies  apparently  reflect  selective 
pressures  of  breeding  practices  which  have  led  to  segregations  of  different 
degrees  of  genetic  susceptibility  to  "expressed"  infection  with  leukemia- 
sarcoma  viruses. 
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These  observations  and  the  "switch  on-switch  off"  leukemia  virus  genome  be- 
havior (to  be  described  below)  and  the  frequent  silent  p-'esence  of  sarcoma 
viruses  RSV(O)  and  M3V(0)  in  nonproducer  tumor  cells  are  important  because 
they  suggest  the  apparent  "absence"  of  overt  "C"  type  RNA  virus  in  the  leuke- 
mias  and  sarcomas  of  man  may  be  more  apparent  than  real. 

Since  efforts  to  isolate  a  focus-forming  competent  sarcoma  virus  from  human 
sarcomas  has  not  been  carried  out  systematically  in  new  tissue  culture 
systems,  and  since  leukemia  virus  isolation  procedures  similar  to  the  COPAL, 
COMjL  and  focus-forming  tests  have  not  yet  been  developed  for  detecting 
postulated  human  leukemia  viruses,  both  the  judge  and  the  jury  are  still  out 
concerning  thevery  important  question  above;  namely,  are  human  cancers  and 
leukemias  caused  by  "C"  type  RNA  viruses? 

Comprehensive  studies  of  the  properties  and  natural  behavior  of  murine  tumor 
viruses.    Unlike  most  of  the  oncogenic  DNA  viruses,  the  "C"  type  leukemia- 
sarcoma  viruses  have  long  been  known  to  commonly  cause  neoplasms  in  their 
natural  hosts  under  natural  conditions;  they  were  known  also  to  be  transmitted 
vertically  through  the  mother  and  horizontal  spread  had  been  demonstrated  in 
chickens  wherein  lymphoid  leukosis  has  often  been  epidemic.   Although 
naturally  occurring  horizontal  spread  had  not  been  demonstrated  in  mice,  it 
was  highly  suspect.  Therefore,  various  modifications  of  the  focus  forming 
(FF)  test,  the  complement  fixation  test  for  murine  leukemia  (COMuL),  and  the 
genome  rescue  test  developed  during  1966  and  1967  in  the  Laboratory  of  Viral 
Diseases  were  utilized  in  efforts  to  determine  the  properties  and  natural 
history  of  murine  leukemia  and  sarcoma  viruses;  much  of  the  work,  of  course, 
was  based  on  and  patterned  after  the  earlier  studies  of  the  similar  avian 
leukosis-sarcoma  complex  viruses. 

The  properties  of  the  "C"  type  murine  viruses.   The  myxov irus- I  ike  properties 
of  the  "C"  type  murine  leukemia-sarcoma  viruses  (MuLV  and  MSV)  were  confirmed. 
Like  their  avian  counterparts,  these  viruses  were  shown  to  have  an  internal 
soluble  protein  coat  best  characterized  as  the  group  specific  (gs)  complement 
fixing  antigen  common  to  all  of  the  known  "C"  type  RNA  viruses  of  the  mouse, 
and  an  outer  lipoprotein  envelope  best  characterized  as  the  type  specific 
envelope  antigen,  which  Is  distinct  for  the  different  serotypes. 

The  gs  antigen  demonstrated  by  Geering  et  a  I .  to  be  released  from  the  virus 
particle  by  ether  treatment  was  shown  to  be  like  the  avian  gs  antigen  in  Its 
sedimentation  properties;  i.e.  much  lighter  than  the  virus  particle.   Since 
it  is  a  common  antigen  in  all  naturally  occurring  leukemia  and  sarcoma  viruses, 
it  provided  a  simple  antigenic  basis  for  the  wide  usefulness  of  the  COMuL  test. 

Prevalence  of  murine  leukemia-sarcoma  viruses.   Working  in  collaboration  with 
many  scientists  in  the  National  Cancer  Institute  and  at  the  Jackson  Memorial 
Laboratory,  Microbiological  Associates,  Oak  Ridge,  Baltimore  Biological  Lab- 
oratories and  Flow  Laboratories,  NIH  scientists  Hartley,  Rowe,  Igel,  Sarma, 
Rhim  and  Huebner  in  FY  1968  isolated  several  hundred  "C"  type  COMuL  positive 
viruses  from  at  least  25  different  inbred  and  general  purpose  strains  of  mice. 
These  viruses  all  fall  into  at  least  5  different  serotypes  corresponding  to 
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the  standard  strains  represented  by  the  Gross  (or  AKR),  Friend,  Moloney, 
Rauscher  and  Kirsten  strains,  the  specificity  of  each  being  determined  by 
their  outer  "envelope"  antigens.   However,  all  isolations  fronm  naturally  in- 
fected mice  not  exposed  to  animals  experimentally  infected  with  Friend, 
Moloney  and  Rauscher  viruses  proved  to  be  of  the  AKR  or  G+  type. 

The  isolates  also  all  contained  the  common  gs  internal  antigen  and  by  all 
phys  lea  I -chemica I  measurements  appeared  to  belong  to  the  same  species  of  virus 
as  the  standard  murine  leukem.ias.  Those  (40  or   more)  that  have  been  tested, 
like  the  standard  strains,  serve  as  helpers  furnishing  envelopes  to  the  de- 
fective M5V  genome  and,  when  grown  out  to  high  titer,  generally  cause  leukemia 
when  injected  into  susceptible  mice. 

Many  of  the  "wild"  isolates  were  from  leukemic  mice  and  mice  carrying  solid 
tumors  but  a  large  proportion  were  from  normal  tissues  of  normal  mice, 
chiefly  from  spleen  and  thymus.   Virus  was  regularly  isolated  from  normal 
embryos  and  newborns  as  well  as  from  tissues  of  adults  of  the  so-called  high 
incidence  leukemia  strains  (AKR,  C58,  C3HFg).   However,  similar  G+  viruses 
were  also  isolated  from  "low  incidence"  strains,  BALB/c,  C3H/HEN,  DBA,  CFW, 
CFI  and  others;  the  frequency  of  isolations  increased  with  increasing  age. 
Certain  strains  of  mice  such  as  C57BI,  NIH,  SWR(Jax),  Alb/2,  Swiss  and  NZB 
generally  failed  to  yield  virus  in  the  COMuL  test  even  when  leukemic  despite 
the  fact  that  lymphomas  and  leukemic  spleens  contain  the  virus  specific  gs 
antigen . 

Horizontal  spread  of  leukemia  virus  (Airborne?)   At  the  Jackson  Memorial 
Laboratory,  100  leukemia-free  but  leukemia-susceptible  SWR  strain  mice  were 
exposed  to  possible  leukemia  virus  infection  at  6  months  of  age  by  placing 
the  SWR  mice  in  open  cages  adjacent  to  cages  containing  naturally  infected 
AKR  and  C58  mice  of  the  same  age.  Between  40  to  100  days  later,  4  of  the 
SWR  mice  developed  leukemia  and  their  spleens  and  lymph  nodes  were  shown  to 
contain  the  virus  specific  gs  antigen.   Leukemia  had  not  been  found  at 
Jackson  Laboratories  in  1500  SWR  mice  observed  intensively  until  death. 
Similarly,  a  number  of  C57BI  six-month  old  mice  following  the  same  exposure 
developed  CF  antigen  in  their  spleens,  an  observation  not  made  previously 
in  the  normal  mice  of  this  strain.   Since  none  of  the  mice  were  able  to  make 
intimate  physical  contact,  the  apparent  spread  of  leukemia  is  presumed  to  have 
been  airborne,   since  Dr.  Hellman  and  his  collaborators  at  Ohio  State  have 
demonstrated  airborne  infection  of  mice  by  aerosolized  Rauscher  virus,  and 
we  (Annual  Report  FY  1967)  demonstrated  MSV  and  MuLV  in  urine,  saliva  and 
feces  of  infected  mice,  horizontal  airborne  spread  would  not  seem  unlikely. 

Studies  of  "hidden"  RNA  virus  genomes  in  murine  cancer.   Much  of  the  scepti- 
cism with  which  the  virus  theory  of  cancer  was  regarded  in  the  past  was  due 
to  the  fact  that  many  spontaneous  sarcomas  of  chickens,  and  leukemias  and 
sarcomas  of  chickens  and  mice,  failed  to  furnish  evidence  of  infectious  virus 
or  of  v irus  part  id es  visible  in  the  electron  microscope.   More  importantly, 
most  lymphomas  and  sarcomas  induced  in  mice  by  oncogenic  chemicals  were  also 
found  to  be  "free"  of  virus.   This  was  particularly  true  when  mouse  strains 
known  to  be  relatively  free  of  spontaneous  lymphomas  and  cancer  were  used. 


NIAID/NCI  Collaborative  Research  -  continued 

The  discovery  that  avian  sarcoma  viruses  were  frequently  defective,  being 
incapable  of  replicating  in  the  sarcoma  cell  and  requiring  a  competent 
leukemia  virus  helper  for  infectiousness,  provided  a  wholly  new  and  unique 
view  of  the  avian  tumor  viruses.  When  the  Moloney  sarcoma  virus  was  also 
shown  to  be  partial ly  defective  in  induced  sarcomas  of  the  mouse  and  the  rat, 
and  completely  defective  in  sarcomas  induced  in  hamsters,  and  that  this  lost 
infectiousness  could  be  restored  b/  a  competent  mouse  leukemia  virus,  it 
became  obvious  that  the  RNA  viruses  were  pathogenic  mutants  of  leukemia 
viruses  which  were  able  to  cause  tumors  in  the  absence  of  dernonstrab  le 
replication  of  infectious  virus. 

These  observations  offered  one  possible  explanation  for  the  absence  of  demon- 
strable virus  in  .Tiany  spontaneous  and  chemically  induced  sarcomas  of  mice, 
which  resembled  in  every  respect  the  sarcomas  induced  by  the  sarcoma  viruses. 
However  this  did  not  provide  a  satisfactory  answer  for  the  absence  of  virus 

in  the  spontaneous  and  chemical ly  induced  ieukemias  and  lymphomas  in  the 
C57BI  strain,  which  was  most  often  used.  Recently,  however,  Drs.  Hartley, 

Igel  and  Huebner,  using  new.  tecnn iques,  demonstrated  that  most  of  such 

lymphomas  have  a  "P."   type  virus  containing  the  gs  antigen  of  the  murine 

I eukemias. 

In  a  long  term  collaborative  study,  using  the  COMuL  test,  it  was  found  that 
leukemia  virus  could  be  isolated  in  NIH  Swiss  cells,  but  not  in  BALB/c  cells, 
from  spleens  of  normal  BALB/c  mice.   Virus  was  isolated  with  increasing 
frequency  with  age,  approaching  30^  at  20  months.   However,  when  the  BALB/c's 
developed  Ieukemias  and  tumors  late  in  I  i+e,  viruses  could  no  longer  be 
isolated  in  NIH  cells,  but  were  readily  isolated  in  BALB/c  cells.   Large 
numbers  of  isolation  attempts  have  followed  this  paradoxical  pattern  , 
suggesting  that  while  virus  is  frequently  present,  it  is  "switched  off"  with 
respect  to  the  host  (BAL9/c)  cells;  when  viewed  in  perspective  perhaps  a 
quite  logical  biological  arrangement  for  a  parasite  to  have  with  its  host. 
Thus  in  the  BALB/c  cell  the  virus  is  switched  off  "MuLVCO)"  corresponding 
perhaps  to  the  MSV(O)  described  by  Ting;  however  for  other  mouse  cells  (NIH. 
Swiss)  it  is  "switched  on"  MuLV(+).   However,  when  leukemia  or   solid  tumors 
are  present  in  the  BALB/c  The  viruses  are  now  MuLV(+)  for  BALB/c  cells  and 
MuLV(O)  for  NIH  -  thus  indicating  a  remarkable  change  in  the  indigenous 
BALB/c  virus  which  takes  place  rather  suddenly  after  oncogenic  transformation 
occurs.  This  arrangement  may  be  critical  with  respect  to  survival  of  the 
BALB/c  strain  and  enormously  interesting  from  a  molecular  biology  point  of 
v  i  ew . 

Another  example  of  the  switched  off  -  switched  on  pattern  is  seen  in  the 
C57BI  niice,  which  yield  no  evidence  of  infectious  virus  or  of  gs  antigen  in 
their  tissues  as  long  as  they  remain  normal;  however  after  spontaneous  tumors 
occur  or  tumors  are  induced  by  irradiation  or  chemicals,  infectious  virus  can 
then  be  demonstrated  in  vivo,  as  reported  by  Kaplan,  and  in  the  COMuL  test 
using  a  continuous  line  of  C57BI  embryo  cells  as  reported  recently  by  Igel 
and  Huebner  (in  preparation).  Although  the  amount  of  infectious  virus  demon- 
strated is  very  low  in  quantity,  the  tumor  and  splenic  tumors  often  contain 
large  amounts  of  gs  antigen.  The  sudden  "switching  on"  of  demonstrable 
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infectious  virus  at  the  time  of  sponteneous  or  chemically  induced  tumors 
suggests  that  the  tumored  mice  contained  a  "switched  off"  MuLV(O)  prior  to 
tumor  igenes  is. 

What  is  the  significance  and  importance  of  these  recent  observations?   They 
cannot  help  but  produce  radical  changes  in  previous  concepts  concerning  the 
mechanisms  by  which  chemical  carcinogenesis  is  induced  in  laboratory  mice. 
Instead  of  the  chemical  inducing  a  repression  or  somatic  mutation  of  a  cell 
gene  it  now  seems  likely  that  it  is  engaged  in  converting  a  silent  leukemia 
virus  gene  (MuLV(O))  into  an  active  one,  MuLV(+).   This  new  hypothesis  of 
chemical  carcinogenesis  in  the  mouse  system  much  used  for  such  studies  is 
subject  to  experimental  testing,  hence  studies  of  the  role  of  indigenous 
leukemia-sarcoma  viruses  both  infectious  and  silent  as  a  factor  in  chemical 
carcinogenesis  will  be  intensively  explored  in  FY  1969. 

Studies  of  avian  and  murine  sarcoma  viruses  and  their  implications  for 
similar  studies  of  human  sarcomas:   Pseudotype  MSV's.   Approximately  30 
pseudotype  mouse  sarcoma  viruses  (MSV's)  have  been  produced  by  using  newly 
isolated  wild  strains  of  mouse  leukemia  viruses  as  helpers  for  the  defective 
MSV  hamster  genome  (Huebner  in  1966).   These  viruses  all  induce  almost 
identical  fibrosarcomas  in  mice,  showing  that  their  pathogenic  behavior  is 
sarcoma  genome  dependent.   However,  their  serological  specificity  and  host- 
eel  I  range  Jjn  v  i  vo  and  jji  vitro  are  determined  by  the  leukemia  virus  envelope. 
Thus  MSV's  have  been  produced  which  have  broad  and  narrow  host  ranges;  some 
go  only  in  one  strain  of  mouse,  others  in  many  strains.  These  observations 
on  mouse  sarcoma  which  follow  the  same  patterns  observed  for  avian  sarcoma 
are  important  because  they  increase  isgn If icantly  the  possible  pathogenic 
options  available  to  the  C  type  leukemia-sarcoma  particles. 

Naturally  occurring  MSV  virus  -  nondefective  (competent)  MSV.    The  original 
Moloney  and  Harvey  sarcoma  viruses  (M-MSV  and  H-MSV)  were  shown  by  Hartley, 
Rowe,  and  Huebner  to  also  contain  excess  amounts  of  nonsarcomatous  leukemia 
virus.   The  M-MSV  often  required  a  2  hit  mechanism  for  replication.   Recently 
we  studied  the  FBJ  "virus" — an  osteosarcoma  inducing  virus — isolated  by 
Miriam  Finkel  of  the  Argonne  Laboratory  in  1965  from  a  bone  tumor  which 
occurred  spontaneously  in  a  CFI  mouse.   We  have  confirmed  Finkel 's  observations 
and  extended  them  by  concentrating  and  purifying  virus  so  that  it  now  produces 
bone  sarcomas  locally  within  a  few  days  after  intramuscular  injection  of  new- 
born CFI  and  NIH  Swiss  mice. 

We  have  shown  that  the  FBJ  sarcoma  virus  is  serologically  identical  and  in 
other  ways  similar  to  "C"  type  mouse  leukemia  virus  which  we  have  found  to 
be  highly  prevalent  in  normal  CFI  mice.   The  naturally  occurring  FBJ  osteo- 
sarcoma virus,  like  the  avian  osteosarcoma  and  firborsacoma  virus  described 
by  Rous  (I9II-I9I4),  suggests  that  osteosarcoma  and  related  muscle  and  fibrous 
tissue  sarcomas  can  occur  independently  as  competent  viruses  and  is  important 
because  it  suggests  that  direct  attempts  to  isolate  such  viruses  in  the  newly 
developed  in  vitro  tissue  culture  systems  should  be  tried. 
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Demonstration  of  a  "C"  type  virus  in  a  rat  tumor  (Novikoff  ascites). 
Laboratory  rats  are  also  much  used  for  chemical  and  nutritional  carcino- 
genesis studies  partly  because  theyare  nearly  as  responsive  as  mice  but  also 
because  they  are  generally  believed  to  be  free  of  demonstrable  indigenous 
cancer  viruses.   However  this  may  not  be  the  case.   Several  years  ago  Rowe, 
Hartley  and  Huebner  reported  complement  fixing  test  evidence  of  antibodies  to 
murine  leukemia  antigens  in  sera  of  several  strains  of  commonly  used  laboratory 
rats.   In  1967,  in  collaboration  with  Dr.  Sarma  (MAI  NCI  Contract  941),  Drs. 
Huebner  and  Hartley  initiated  a  systematic  study  of  rats  in  an  effort  to  de- 
tect either  fully  infectious  MuLV(+)  or,  as  seemed  more  likely,  a  silent 
MuLV(O)  or  MSV(O)  viral  genome. 

Recently  it  was  noted  in  Dr.  Robert  McAllister's  group  (Childrens  Hospital  of 
Los  Angeles)  that  the  Novikoff  ascites  rat  tumor  contained  numerous  "C"  type 
particles.   This  tumor  we  found  contained  a  CF  antigen  which  reacted  with  a 
rat  antisera  having  antibody  to  the  Rauscher  leukemia  virus.   However,  there 
was  no  reaction  with  antisera  prepared  against  the  gs  mouse  antigen  found  in 
the  Rauscher  and  all  other  murine  leukemia  and  sarcoma  viruses.   Subsequent 
studies  show  that  rats  carrying  the  Novikoff  tumor  develop  antibodies  to 
Novikoff  rat  cell  preparations  but  do  not  react  with  the  gs  antigen  of  murine 
leukemia  viruses.   This  suggests  that  the  "C"  type  particle  in  the  Novikoff 
rat  tumor  is  a  murine  "C"  type  virus  distinct  from  the  mouse  viruses. 

Also  of  importance  are  observations  by  Drs.  Klement  and  Hartley  who  have 

shown  that  Dr.  Kirsten's  (University  of  Chicago)  murine-erythroblastosis  virus    | 

after  passage  in  the  rat  produces  focus  formation  in  rat  and  mouse  cells  and 

various  sarcomas  including  bone  lesions  in  the  rat.  This  virus  apparently 

has  an  envelope  that  is  serologically  different  from  all  the  mouse  viruses, 

yet  the  gs  antigen  is  the  same  as  that  observed  in  the  mouse  leukemias.  The 

virus  is  unusual  also  since  it  is  not  defective  in  the  sense  that  it  has  a 

one  hit  curve  infectivity  in  tissue  cultures  and  does  not  appear  to  contain 

a  COMuL  positive  leukemia  virus  in  excess  of  its  focus  producing  activity. 

These  studies  of  the  rat  are  important  because  they  indicate  that  rats  may 
indeed  have  an  indigenous  leukemia-sarcoma  virus  of  their  own;  however,  this 
agenf,  like  that  of  the  C57BI  mouse,  may  be  generally  silent  or  covert, 
requiring  activation  by  some  extraneous  carcinogenic  factor  before  infectious 
virus  can  be  demonstrated.   On  the  other  hand,  the  discovery  of  an  antisera 
with  specific  antibodies  to  a  rat  leukemia-sarcoma  virus  may  serve  the  same 
purpose  as  the  COMuL  test,  making  it  possible  to  demonstrate  group  specific 
antigen  of  a  rat  leukemia  virus. 

Search  for  "C"  type  viruses  in  solid  tumors  and  lymphomas  of  the  cat,  dog  and 
other  domesticated  animals.   The  purpose  of  these  studies  in  LVD/VCB  is  to 
attempt  to  adapt  the  new  in  vitro  techniques  for  avian  and  murine  "C"  type 
leukemia  and  sarcoma  viruses  to  studies  of  cancers  of  larger  animals. 

Dr.  Raymond  Gil  den  and  Dr.  Jerome  Kern  (Flow  Contract  634,  NCI)  are  collabor- 
ating with  Drs.  Huebner  and  Hatanaka  and  with  Dr.  Rickard  of  Cornell  University, 
Dr,  Brodey  of  the  University  of  Pennsylvania,  and  Dr.  Chapman  of  the  University  i 
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of  Kansas  in  studies  of  canine  lymphoma.   Although  several  attempts  to  confirm 
Rickard's  cell  free  transmission  of  a  mastocytoma  virus  in  the  beagle  have 
n<Jt  been  successful,  viral  particle  "bands"  have  been  prepared  for  more 
c/-itica!  studies. 

Chapman's  canine  lymphoma  cell  cultures  were  shown  to  have  "C"  type  particles 
and  interestingly  enough  such  preparations  contained  antigens  identical  with 
the  gs  antigen  of  murine  leukemia.   These  possibly  exciting  observations,  how- 
ever, must  be  questioned  until  it  is  shown  that  the  canine  cultures  are  not 
contaminated  with  mouse  cells  and  mouse  virus. 

Dr.  Sarma  (MAI  NCI  Contract  941)  is  cooperating  with  Dr.  Rickard,  Dr.  Theilen 
(University  of  California)  and  others  in  attempts  to  develop  a  COFAL-COMuL 
like  diagnostic  test  for  studies  of  solid  tumors  and  lymphomas  in  cats. 
This  approach  seems  particularly  pertinent  since  Rickard  and  Theilen  have 
reported  cell  free  transmissions  of  feline  leukemias.  They  have  had  subse- 
quent difficulties  in  establishing  serial  passages  of  the  virus  in  free 
living  cats  because  of  intermittent  microbial  infections.  An  in  vitro  tissue 
culture  system  for  growth  and  assay  of  the  feline  leukemia  virus  would  repre- 
sent a  tremendous  step  towards  making  field  studies  possible. 

Drs.  Sarma  and  Huebner  are  conducting  similar  studies  of  avian  household  pets 
such  as  the  parakeet  (budgerigar)  which  is  reported  to  frequently  die  (in  old 
age)  of  a  variety  of  cancers  including  lymphomas  and  sarcomas.   Since  young 
humans  (particularly  in  recent  years)  are  perhaps  more  frequently  and  in- 
tensively exposed  to  parakeets  than  to  any  other  pets,  the  postulated 
leukemia  and  sarcoma  viruses  of  these  animals  also  require  study. 

These  studies  are  important  because  they  add  another  dimension  as  well  as  new 
in  vitro  techniques  to  the  NCI's  SVLP  efforts  to  determine  if  household  pets, 
all  of  them  subject  to  considerable  cancer  and  leukemia,  could  possibly  serve 
as  a  reservoir  of  cancer  viruses  transmissible  to  man.   Nearly  as  many  differ- 
ent viruses  are  known  to  be  transmitted  from  animals  to  man  as  are  known  to  be 
indigenous  to  the  human  species.   Viruses  known  to  cause  cancers  have  been 
shown  under  laboratory  conditions  to  frequently  induce  infection  and  tumors 
in  heterologous  hosts.  Although  the  likelihood  of  such  events  occurring  in 
humans  under  natural  conditions  may  not  seem  very  great,  the  possibility  that 
this  may  occur  in  some  very  intimate  situations  must  still  be  considered. 


PHS-NIH 

Summary  Statement 

Laboratory  of  Viral  Diseases 

Respiratory  Virus  and  Epidemiology  Sections 

July  I,  1967  through  June  30,  1968 

These  two  sections  have  continued  their  coordinated  investigation  of  acute 
infections  produced  by  viruses  and  mycoplasmas.   As  in  previous  years,  primary 
emphasis  was  given  to  diseases  of  the  respiratory  tract,  although  certain 
other  illnesses,  such  as  hepatitis,  were  also  studied.   The  approach  to  disease 
problems  has  continued  to  be  broad,  ranging  from  basic  biological  and  bio- 
physical studies  of  respiratory  tract  viruses  and  mycoplasmas  to  clinical  and 
epidemiologic  investigations  of  factors  involved  in  virulence  and  spread  of 
i  nf ect ion . 

Pathogenesis  of  Respiratory  Syncytial  (RS)  virus  disease.   During  the  past 
year  one  of  the  major  concerns  of  the  Respiratory  Virus  and  Epidemiology 
Sections  has  been  the  pathogenesis  of  lower  respiratory  tract  disease  caused 
by  RS  virus.   Pre\/iously  we  had  suggested  that  immunologic  factors  may  play 
a  critical  role  in  the  genesis  of  lung  damage  produced  by  this  major  respii — 
atory  tract  pathogen.  This  hypothesis  evolved  from  the  following  observations: 
I)  all  mothers  possess  high  levels  of  RS  serum  neutralizing  antibody,  and 
this  antibody  is  transferred  quantitatively  to  the  infant;   2)  passively 
transferred  antibody  decreases  approximately  two-fold  each  month  but  is  still 
detectable  in  the  infant's  serum  for  at  least  6  to  8  months;   3)  RS  virus 
lower  respiratory  tract  disease  occurs  most  often  in  young  infants  1-4  months 
of  age — the  age  incidence  of  disease  then  decreases  with  increasing  age; 
4)  young  infants  who  develop  RS  virus  disease  possess  serum  neutralizing  anti- 
body at  the  time  they  become  ill. 

During  the  past  year  additional  evidence  was  obtained  which  supports  the 
thesis  that  immunologic  factors  play  a  role  in  RS  virus  illness  of  infancy., 
The  parallelism  between  the  age  incidence  of  disease  and  the  decay  curve  of 
passively  transferred  antibody  was  again  particularly  striking.  These 
observations  indicate  that  serum  antibody  per  se  does  not  provide  effective 
protection  against  lower  respiratory  tract  disease  caused  by  RS  virus.  The 
most  convincing  evidence  that  immunologic  factors  are  of  importance  emerged 
during  the  recent  evaluation  of  a  concentrated  highly  antigenic  inactivated 
RS  virus  vaccine. 

Both  at  Junior  Village  (Kapikian)  and  in  collaborative  studies  at  Children's 
Hospital  of  D.C.  (Parrott,  Chanock)  RS  virus  vaccinees  exhibited  altered  re- 
activity to  RS  virus  infection,  lower  respiratory  tract  disease  occurred  more 
often  and  was  more  severe  in  RS  vaccinees  than  in  comparable  unvaccinated 
children  or  vaccinees  who  had  received  a  parainfluenza  type  I  vaccine.  Tissue 
culture  (monkey  kidney)  antigens  were  not  responsible  for  the  altered  reac- 
tivity of  the  RS  vaccinees  since  the  parainfluenza  type  I  vaccine  was  prepared 
in  monkey  kidney  tissue  culture  in  a  manner  virtually  identical  to  that  of 
the  RS  virus  vaccine.  Rather,  it  appeared  that  a  component  of  RS  virus  itself 
was  responsible  for  the  RS  vaccine  effect.  The  similarity  of  the  exaggerated 
response  to  RS  infection  shown  by  both  the  young  infant  and  the  older  RS 
vaccinee  suggests  that  a  common  mechanism  is  responsible  for  lower  respiratory 
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tract  disease  in  these  two  groups.  The  present  evidence  leads  us  to  postulate 
that  RS  illness  results  from  the  interaction  of  serum  antibody  and  viral  anti- 
gen in  the  lungs  of  individuals  who  possess  insufficient  respiratory  tract 
secretory  antibody  to  prevent  infection  or  moderate  its  extent. 

Experimental  imrnunoprophv laxis.  Based  upon  our  previous  studies  of  para- 
influenza type  I  virus  infection  in  adults  and  our  current  interpretation  of 
RS  virus  disease  and  post  vaccine  altered  reactivity,  our  attention  has  shifted 
away  from  serum  antibody  and  towards  local  respiratory  tract  secretory  anti- 
body, which  appears  to  be  the  major  determinant  of  resistance  to  respiratory 
tract  infection  and  illness.  Thus,  our  major  effort  in  vaccine  development 
now  involves  the  induction  of  local  respiratory  tract  i.nmunity.  During  the 
past  year  several  important  advances  were  made  in  this  direction.   First, 
the  low  temperature  adapted  RS  virus,  which  was  shown  last  year  to  exhibit 
both  reduced  infectivity  and  virulence  for  adults,  was  found  similarly  to  be 
attenuated  when  administered  intranasal  I y  to  children  7  to  13  years  of  age 
(Parrott,  of  Children's  Hospital  of  D.C. ;  Chanock).  This  represents  a  po- 
tentially important  second  step  toward  eventual  control  of  this  significant 
pediatric  respiratory  tract  pathogen. 

The  effect  of  low  temperature  adaptation  upon  virulence  of  influenza  A2  virus 
was  evaluated  in  a  collaborative  study  with  Drs.  Togo  and  Hornick  of  the 
University  of  Maryland  (Mills).  This  virus  was  found  to  be  infectious  and 
without  virulence  for  adults  with  low  levels  of  serum  antibody.   In  addition, 
infection  with  the  low  temperature  influenza  A2  virus  stimulated  the  production 
of  respiratory  tract  antibody.  Since  inactivated  influenza  virus  vaccines 
do  not  provide  the  desired  degree  of  protection,  eventual  control  of  influenzal 
disease  would  be  greatly  facilitated  if  mutation  to  low  temperature  growth  is 
conformed  to  be  a  reliable  laboratory  marker  of  attenuation  of  influenza 
virus  for  man. 

Rhinovirus  infection  constitutes  the  leading  cause  of  common  cold  illness  in 
adults.  Not  unexpected,  but  distressing,  was  the  finding  that  moderate 
levels  of  serum  antibody  may  not  provide  effective  protection  against  infection 
and  illness  (Perkins).  This  cause  for  pessimism  was  more  than  countei — balanced 
by  the  finding  that  nasal  antibody  could  be  induced  by  the  intranasal  instill- 
ation of  an  unconcentrated  inactivated  rhinovirus  vaccine  (Perkins).  This 
procedure  represents  a  simple  approach  to  rhinovirus  prophylaxis  which  can 
possibly  be  expanded  to  provide  protection  against  the  multitude  of  distinct 
rhinovirus  serotypes. 

In  collaborative  studies  with  Drs.  Somerson  (Ohio  State  University)  and 
Senterfit  (St.  Louis  University)  a  highly  antigenic  inactivated  M.  pneumon  iae 
vaccine  was  developed.  Thirteen  of  15  sero-negat ive  volunteers  who  received 
the  vaccine  developed  growth  inhibiting  antibody  for  M..  pneumon  iae  (Steinberg). 
These  results  are  encouraging,  and  it  now  appears  that  we  are  approaching  the 
desired  level  of  antigenicity  wherein  an  M.  pneumon  iae  vaccine  will  induce 
moderate  levels  of  antibody  in  all  sero-negative  individuals. 

Genetic  studies.  A  major  effort  of  the  section  has  involved  the  production 
and  characterization  of  conditional  lethal  temperature  sensitive  mutants  for 
possible  use  in  attenuated  live  virus  vaccines.  Partial  success  was  achieved 


last  year  when  plaque  systems  were  developed  for  influenza  ^2,   RS  and  rhino- 
viruses.  The  temperature  ranges  of  these  viruses  were  defined  and  muta- 
genesis attempts  have  begun  (Mills,  Perkins,  Gharpure  and  Chanock). 

Ed  idemioloqy.  An  important  aspect  of  M.  pneumon  iae  ecology  was  defined  last 
year  during  a  field  study  of  infection  in  Marine  recruits  carried  out  in 
collaboration  with  the  Naval  Medical  Field  Research  Laboratory,  Camp  Lejeune, 
N.C.  (Steinberg),  The  risk  of  M.  pneumon  iae  infection  was  found  to  be  related 
to  area  of  residence  in  the  barracks.  This  geographic  effect  suggests  that 
the  barracks  is  the  most  important  area  for  spread  of  infection  and  that 
infecft-on  is  spread  by  coarse  ail — borne  droplets. 

An  unusual  opportunity  to  compare  the  "infectiousness"  of  rubella  and  rubeola 
arose  when  both  viruses  caused  outbreaks  at  Junior  Village  (Kapikian),  Analy- 
sis of  the  serologic  findings  from  the  two  outbreaks  suggested  that  in  the 
same  setting  rubeola  was  more  infectious  than  rubella. 

Mycop I asmas.  During  the  past  year  there  was  considerable  activity  in  this 
area.  A  new  method  was  developed  for  preparing  potent  complement  fixing 
antigens  for  each  of  the  mycoplasmas  that  infect  man  (Purcell).  These  myco- 
plasmas were  adapted  to  growth  on  glass,  which  made  it  possible  to  harvest 
purified  organisms  after  the  growth  medium  has  been  removed  by  repeated 
washing.   In  addition,  the  serologic  relationships  of  the  "T"  strain  organisms 
were  clarified,  and  our  understanding  of  intratypic  antigenic  variation  of  the 
large-colony  mycoplasmas  was  broadened  (Purcell).   Seroep idemiologic  studies 
indicated  that  M.  hominis  played  a  role  in  some  cases  of  septic  abortion 
(Purcell  and  Harwick  of  the  University  of  Michigan). 

Study  of  the  serologically  active  hapten  of  M.  pneumoniae  continued  in  collab- 
oration with  Drs.  Prescott  (LM)  and  Chernick  (NIAMD).  The  hapten  was  recovered 
in  pure  form  (single  spot  on  thin  layer  chromatogram),  and  after  purification 
it  retained  its  serologic  activity  as  measured  by  complement  fixation  and 
blocking  of  growth  inhibiting  antibodies  (Chanock).  Chemical  analysis  in- 
dicated that  it  had  the  same  basic  structure  as  cardiolipin  (diphosphatidy I 
glycerol)  with  a  2:3:4.5  to  5  ratio  of  phosphate,  glycerol  and  fatty  acid 
esters. 

A  number  of  advances  were  made  in  our  understanding  of  the  problem  of  virulence 
of  M.  pneumon  iae  (Sobes I avsky ,  Chanock).   It  was  found  that  the  mycoplasmas, 
other  than  M.  pneumon  iae,  which  infect  man  each  secrete  peroxide.  Thus,  it 
appears  that  peroxide  per  se  is  not  the  determinant  of  virulence.  More  likely, 
virulence  is  related  to  the  quantity  of  peroxide  secreted  since  among  the 
mycoplasmas  of  man  M.  pneumon  iae  is  the  most  pathogenic  and  secretes  the 
largest  quantity  of  peroxide.  M.  pneumon  iae  was  also  found  to  be  unique  among 
the  mycoplasmas  of  man  in  forming  a  rapid  firm  attachment  to  tracheal  epithelial 
cells  through  neuraminic  acid  receptors  on  these  cells.  The  binding  site  on 
M.  pneumon  iae  for  this  reaction  was  shown  to  be  lipid  or  lipoprotein.  The 
d iphosphat idy I  glycerol  hapten  appears  to  be  one  such  binding  site.  The 
affinity  of  M.  pneumon  iae  for  respiratory  epithelium,  unique  among  the  myco- 
plasmas which  infect  man,  may  play  a  role  in  virulence  since  this  type  of 
attachment  provides  an  unusual  opportunity  for  peroxide  secreted  by  the  organ  is 
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to  attack  the  tissue  cell  membrane  without  being  rapidly  destroyed  by  catalase 
or  peroxidase  present  in  extracellular  body  fluids  (Sobes lavsky,  Prescott, 
Chanock) . 

Newer  viruses.  Considerable  interest  has  been  maintained  in  the  group  of 
viruses  which  we  brought  together  last  year  and  which  we  showed  resembled  in 
fine  structure  the  avian  infectious  bronchitis  virus  (IBV).  This  virus 
group  has  emerged  as  a  relatively  important  cause  of  acute  respiratory  tract 
disease  of  man  (Mcintosh,  Kapikian,  Chanock).   Morphologically  the  human 
viruses  were  found  to  resemble  IBV  and  mouse  hepatitis  virus  (MHV);  common 
morphological  features  included  limited  pleomorphism  and  the  presence  of 
large  club-shaped  projections  which  were  widely  spaced  over  the  virus  surface. 
These  RNA-conta in ing  I ipoprotein-bounded  viruses  undergo  a  similar  morpho- 
genesis in  the  infected  cell;  round  electron  dense  particles,  82  m^  in  diameter^ 
form  by  a  process  of  budding  from  the  membranes  of  the  endoplasmic  reticulum 
and  cytoplasmic  vesicles  (Mcintosh). 

A  major  advance  in  the  study  of  "IBV  like"  viruses  was  the  adaptation  to 
suckling  mouse  brain  of  2  virus  strains,  which  were  originally  recovered 
in  human  tracheal  organ  cultures  and  cultivatable  only  in  this  type  of 
culture  (Mcintosh).  This  made  it  possible  to  prepare  complement-fixing 
antigens  for  seroep idemiologic  studies  and  for  antigenic  analysis  of  the  IBV 
group.  The  human  isolates  recovered  in  organ  culture  were  found  to  be  anti- 
genically  related  to  MHV,  but  not  the  tissue  culture  strain  isolated  by 
Hamre  (229E)  nor  the  prototype  virus  IBV.  Seroep idemiologic  studies  of  the 
"IBV  like"  viruses  indicated  that  the  organ  culture  viruses  were  commonly 
associated  with  common  colds  during  the  winter  of  1965-56  (15^  of  patients 
developed  a  complement  fixing  antibody  rise)  while  the  tissue  culture  virus 
(229E)  was  frequently  associated  with  illness  during  the  winter  of  1966-67 
{.7A%   of  patients  developed  a  complement  fixing  antibody  rise)  (Mcintosh, 
Kap  ik  ian) . 

Another  notable  advance  was  the  development  of  a  relatively  efficient  tissue 
culture  system  for  the  recovery  of  229E  type  viruses.  Until  now  only  2  strains 
of  virus  have  been  recovered,  and  these  were  isolated  with  extreme  difficulty. 
A  cell  line  derived  from  human  intestine  was  found  to  be  relatively  efficient 
for  isolation  of  this  virus  (Kapikian). 


PHS-NIH 
Laboratory  of  Viral  Diseases 
Summary  for  Section  on  Cellular  Virology 

July  I,  1967  through  June  30,  1963 

The  members  of  the  section  on  Cellular  Virology,  Drs. 
Baron,  duBuy,  Levy,  Mattern,  and  Takemoto  have  been  studying 
the  underlying  mechanisms  by  which  viruses  damage  cells  or 
transform  cells  to  malignancy,  and  by  which  cells  and  animals 
defend  themselves  against  virus  infection.   This  includes 
biological  and  biochemical  responses  of  the  cell  to  infection, 
interaction  of  virus  and  cell  genomes,  structural  alterations 
in  cells  as  a  result  of  virus  infection  studied  on  the  electron 
microscope  level  and  studies  of  the  oncogenic  response  of  cells 
to  certain  viruses. 

The  individuals  in  this  section  were  transferred  from  the 
Laboratory  of  Biology  of  Viruses  on  January  16,  1968. 

Tumor  Viruses  and  Cells 

Dr.  Takemoto  has  developed  plaque  type,  temperature- 
sensitivity,  and  host-range  mutants  of  SV40  virus  for  further 
analysis  of  the  relationship  of  the  genome  of  the  oncogenic 
virus  to  the  transformed  cell.   By  cell  fusion  techniques  he 
can  recover  from  such  cells  the  whole  virus  genome,  unaltered 
from  its  original  mutant  type.   This  ability  to  recover  virus 
from  mouse  cells  is  in  contrast  to  most  other  species  of  cells 
tested  that  were  transformed  by  polyoma  virus,  in  that  none 
of  the  latter  types  of  transformed  cells  could  be  induced  to 
yield  the  transforming  virus.   Drs.  Ozer  and  Takemoto  have 
developed  a  microradioimmune  precipitation  test  for  SV40  virus 
that  allows  for  the  sensitive  analysis  of  the  antigenic  inter- 
relationships of  different  SV40  mutants. 

Subcellular  Element  Interactions 

Dr.  duBuy  has  been  improving  methods  for  isolation  of 
mitochondrial  DNA,  in  order  to  be  able  to  determine  if  mito- 
chondrial DNA  contains  nucleotide  sequences  not  present  in 
nuclear  DNA.   Positive  results  would  support  the  idea  of  inde- 
pendant  cytoplasmic  inheritance.   In  addition,  he  has  been 
developing  methods  for  the  growth  and  purification  of  lactic 
dehydrogenase  virus  in  order  to  be  able  to  see  if  the  RNA  of 
this  benign  virus  bears  a  special  relationship  to  cellular 
DNA.   He  is  also  studying  this  virus  as  a  model  of  lifelong 
infection  to  determine  the  factors  leading  to  chronic  infection. 


Interferon 

Dr.  Baron  has  been  studying  several  factors  involved  in 
the  development  of  cellular  resistance  to  virus  during  exposure 
of  the  cells  to  interferon.   He  has  shown  the  continued  presence 
of  interferon  is  necessary  for  the  maintenance  of  the  viral 
resistance  state  and  that  removal  of  interferon  or  blockage 
of  cell  RNA  synthesis  by  actinomycin,  even  in  the  presence  of 
interferon,  leads  to  a  decay  of  the  degree  of  virus  resistance 
within  several  hours.   Removal  of  interferon  during  the  time 
the  virus  resistant  state  is  being  developed  led  to  an  almost 
immediate  plateauing  of  the  degree  of  resistance  at  the  level 
present  when  the  interferon  was  removed.   The  implication  of 
his  findings  is  that  the  messenger  RNAs  for  the  antiviral 
proteins  are  unstable  but  that  the  proteins  themselves  are 
fairly  stable.   He  also  has  shown  that  the  course  of  rubella 
infection  is  influenced  by  the  interferon  mechanism. 

Dr.  Levy  has  continued  his  work  on  the  molecular  mechanism 
of  action  of  interferon.   He  has  shown  that  cells  treated  with 
interferon  develop  modified  ribosomes  and  ribosome  subunits. 
These  structures  bind  to  normal  RNAs  and  translate  them  into 
protein  as  well  as  control  structures  do.   But  the  interferon 
type  ribosomes  and  subunits  bind  poorly  to  viral  RNAs  and  trans- 
late them  even  more  poorly.   These  observations,  originally 
made  in  whole  cells,  have  been  confirmed  and  amplified  with 
isolated  control  and  interferon  type  ribosomes.   He  also  has 
obtained  evidence  for  physico-chemical  differences  between 
control  and  interferon  type  ribosomal  subunits. 

Kinetics  and  Sites  of  Virus  Multiplication 

Dr.  Mattern's  work  on  virus  replication  is  at  a  level 
between  molecular  events  and  the  whole  cell.   Using  the  electron 
microscope  as  well  as  analytic  and  differential  ultracentri- 
fugation  he  has  studied  morphological  alterations  in  the  cell 
during  virus  replication  in  order  to  determine  the  sites  of 
synthesis  of  virus  and  the  structures  involved  in  their  repli- 
cation.  A  number  of  structures  associated  with  the  replication 
of  polyoma  virus  and  adenovirus  type  7  have  been  observed  and 
their  temporal  relationship  studied. 


PHS-NIH 

Summary  Statement 

Laboratory  of  Viral  Diseases 

Pacific  Research  Section 

July  I,  1967  through  June  30,  1968 

This  section  is  concerned  with  health  problems  produced  by  viruses  and 
parasites  in  human  populations  living  in  the  Pacific  area. 

Eosinophilic  Meningitis.   It  is  becoming  increasingly  apparent  from  studies 
carried  out  by  Dr.  Leon  Rosen,  Dr.  Gordon  Wallace  and  their  collaborating 
associates  in  Taiwan  and  Thailand  that  parasitic  zoonoses  for  which  man  is 
an  abnormal  host  are  important  causes  of  human  disease.   Studies  over  the 
past  several  years  have  established  the  etiological  role  of  A.  cantonens  is 
and  G.    sp  in  iqerum  in  diseases  which  are  proving  important  problems  in  South- 
east Asia.  A  new  clinical  entity  "eosinophilic  myeloencepha I  it  is"  was 
del  ineated  in  Thailand  and  shown  to  be  caused  by  the  nematode  Gnathostoma 
sp  in  iqerum.   In  all,  122  cases  were  studied  of  which  18  were  fatal;  parasites 
were  recovered  from  the  brain  in  two  patients  on  autopsy. 

Virus  Disease  Studies.   Arthropod-borne  viruses:   Field  studies  were  initiated 
in  January  and  February,  1968  by  Dr.  Rosen  and  his  associates  in  New  Caledonia. 
More  than  19,000  mosquitoes  were  collected  and  preserved  for  virus  isolation 
attempts,  sera  were  collected  from  various  species  of  domestic  animals  for 
serologic  tests,  and  larval  and  adult  mosquitoes  were  collected  for  taxonomic 
purposes.   Laboratory  studies  were  also  undertaken  with  particular  reference 
to  the  use  of  plaque  production  for  virus  detection  and  serology. 

Further  study  of  the  Dengue  type  3  strain  reported  by  Dr.  Rosen  from  the 
1964-65  outbreak  in  French  Polynesia  suggests  that  it  may  differ  significantly 
from  Dengue  type  3  strains  isolated  in  other  parts  of  the  world. 

P icornav iruses  and  Reoviruses;   Serologic  testing  of  specimens  collected 
during  a  1966  outbreak  of  diarrheal  disease  at  Clark  Field  in  the  Philippine 
Islands  and  a  second  similar  outbreak  in  1967  reinforced  Dr.  Rosen's  evidence 
that  concurrent  enterovirus  infections  were  prevalent.  Tests  of  the  1967 
collection  revealed  that  10  of  19  persons  with  diarrhea  and  26  of  81  persons 
with  no  diarrhea  had  four-fold  or  greater  rises  in  HI  antibodies  against 
ECHO  12  virus  within  a  three-  to  foui — week  period.  Adenovirus  type  26  was 
isolated  from  one  of  ten  fecal  specimens  and  this  patient  also  had  a  signifi- 
cant HI  antibody  response  but  no  one  else  did.   None  of  the  sera  showed 
significant  rises  in  titer  against  reoviruses  types  I  and  2.  Consideration 
of  ail  data  available  at  present  suggests  that  the  annual  diarrhea  outbreak 
at  Clark  is  caused  by  a  variety  of  water-borne  enteroviruses — some  of  which 
are  not  detectable  by  presently  known  techniques. 

Reoviruses  were  typed  for  a  number  of  other  laboratories.   Some  isolates  had 
been  recovered  from  chimpanzees  with  Kuru  and  from  mosquitoes  being  tested 
for  Arboviruses. 
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Ep idem io logy  of  Toxoplasma  gondii.   Human  toxoplasmosis  is  a  world-wide 
problem  but  the  methods  by  which  man  becomes  infected  are  unknown.   Epidemio- 
logic studies  were  conducted  by  Dr.  Rosen's  group  on  various  Pacific  Islands 
where  the  disease  represents  a  very  significant  disease  problem. 

The  prevalence  of  toxoplamosis  in  man,  as  measured  by  the  presence  of  anti- 
bodies, was  high  on  6  volcanic  islands  located  in  widely  separated  geographic 
areas.   Prevalence  in  the  adult  population  (20  years  and  older)  ranged  from 
about  60^  on  Oahu  to  99^  on  Ponape,  Caroline  Islands.   Prevalence  in  younger 
age  groups  ranged  from  \0%    in  the  0-4  year  group  tested  on  Oahu  to  33^  in  the 
same  age  group  on  Ponape. 

Of  populations  sampled  from  6  atolls  in  the  Western  Caroline  Islands,  the 
prevalence  of  antibody  was  medium  to  high  except  for  one  atoll.   The  absence 
of  antibody  in  all  but  three  of  64  residents  of  this  atoll  indicated  that 
transmission  of  toxoplasmosis  may  not  occur  there  at  all. 

Detailed  epidemiologic  information  was  obtained  from  8  patients  diagnosed  as 
having  acute  toxoplasmosis  (with  uveitis  or  lymphadompathy ) .  Two  of  these 
individuals  were  husband  and  wife  and  two  were  siblings.   The  only  information 
that  appeared  to  be  of  possible  epidemiologic  significance  was  that  6  patients 
knowingly  had  been  in  close  contact  with  doves  or  pigeons  within  a  month  of 
onset  of  i I Iness. 

Sera  were  tested  from  more  than  800  dogs,  cats,  rats,  mice  and  birds  from 
Oahu.  Of  these,  32^  of  56  dogs,  10^  of  131  cats,  I l|  of  130  doves  and  6%   of 
145  wild  rats  had  antibodies.  Antibody  was  not  detected  in  89  wild  mice, 
194  pigeons,  and  81  doves  (of  a  different  species  than  the  positive  doves). 
The  pigeons  were  captured  at  the  same  location  as  most  of  the  positive  doves. 
Some  of  the  mice  were  obtained  from  an  area  where  positive  rats  were  found. 

Ascarids  were  found  in  13,^  of  146  cats  and  Physaioptera  were  found  in  10^  of 
124  cats.  There  was  no  correlation  between  the  presence  of  these  nematodes 
and  Toxop I asma  antibodies.   Isolation  of  Toxop I  a? ma  from  ascarid  ova  taken 
directly  from  the  feces  or  from  the  worm,  or   both,  was  attempted  in  II  cats 
with  negative  results. 


1 


n: 


Project  Title  I 


Serial  No.  NIAID  66  A-E 

1.  Viral  Diseases 

2.  Epidemiology 

3.  Bethesda,  Maryland 

PHS  -  NIH 
Individual  Project  Report 
July  1,  1967  through  June  30,  1968 

Epidemiologic  Studies  of  Infections  and  Illnesses, 
and  Their  Control  in  Junior  Village  Children 


Previous  Serial  Number! 


SAME 


Principal  Investigator:   Dr.  Albert  Z.  Kapikian 

Other  Investigators:   Mrs.  Ruth  Shvedoff 

Mrs.  C.  Eleanor  Stewart 


Cooperating  Units: 


Dr.  Robert  M.  Chanock  -  Respiratory  Virus  Section 
Dr.  Reginald  H.  Mitchell  -  Department  of  Public 

Health,  District  of  Coliombia 
Dr.  John  L.  Sever,  Dr.  David  A.  Fbcillo  -  Section 

on  Infectious  Diseases,  Perinatal  Research 

Branch,  NINDB 
Mr.  Horace  C.  Turner,  Serology  Unit,  LVD 


Man  Years:        NIAID 

Lab  Staff 
Total:         111/12 
Professional:    7/12 
Other:         104/12 

Project  Description: 


Other  NIH 

Guest 

Personnel 

Workers 

0 

0 

0 

0 

0 

0 

TOTAL 
111/12 
7/12 
104/12 


This  is  a  long  term,  intensive  study  of  the  illness  and  microbial 
experiences  of  nursery  children  at  Junior  Village,  a  District  of 
Coliimbia  Welfare  Institution.   This  study  began  in  July  of  1955  and 
provides  research  material  for  many  projects. 

Basic  Objectives: 

The  general  objective  is  to  maintain  under  observation  a 
population  group  suitable  for  epidemiologic  study  of  occurrence  of 
infections  and  disease  and,  in  addition,  to  study  host-parasite-disease 
relationships  as  they  occur  naturally  and  as  they  can  be  altered  by 
new  vaccines  and/or  chemo-prophylactic  agents.   A  concerted  effort  is 
being  made  to  a)  find  new  microbiologic  agents  which  cause  disease; 
b)  find  methods  of  identification  of  these  agents;  c)  define  modes  of 
spread  of  infectious  agents;  and  d)  find  methods  for  prevention  and 
treatment  of  acute  illnesses,  particularly  respiratory  illnesses. 
The  intensive  epidemiologic  study  of  respiratory  and  other  vaccines  is 
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Since  the  acute  undifferentiated  illnesses  are  not  able  to  be 
differentiated  according  to  clinical  manifestations,  departures  from 
normal  health  are  identified  on  the  basis  of  fever  of  100. 6°F  and  are 
classified  as  questionalbe  fevers  (A)  and  definite  illnesses  (B,  C,  or 
D)  depending  upon  the  height  and  presistence  of  fever  and  occurrence 
of  associated  clinical  manifestations.   It  varied  from  week  to  week 
and  varied  slightly  by  season  but  was  nearly  tmiform  by  age,  sex,  and 
race.   The  mean  weekly  definite  illness  (B.C.D.)  attack  rate  has  been 
approximately  32%  while  the  mean  weekly  total  illness  (A,B,C,D)  attack 
rate  was  50%. 

In  October,  1964,  we  resumed  the  routine  testing  of  weekly  throat 
swab  specimens  in  our  virus  laboratory.   As  expected,  we  have  isolated 
numerous  viruses.   Adenoviruses  and  herpes  simplex  virus  have  been 
endemic  as  well  over  200  strains  of  adenovirus  and  over  200  sti-ains  of 
herpes  simplex  virus  have  been  isolated  since  we  resumed  our  testing 
program.   Outbreaks  of  parainfluenza  1  and  3  viruses  have  occurred  with 
over  50  strains  of  these  agents  being  isolated.   In  March  and  April, 
1966  an  outbreak  of  parainfluenza  4  virnjs  occurred  with  11  isolates 
being  recovered.   In  the  first  few  months  of  1966,  an  outbreak  of 
influenza  B  virus  occurred  with  some  20  strains  being  isolated.   From 
the  middle  of  December,  1966  to  the  end  of  January,  1967,  60  strains 
of  RS  virus  were  recovered;  this  outbreak  is  described  below.   In 
the  first  3  months  of  1968,  RS  virus  was  recovered  from  7  children. 
RS  infection  did  not  spread  as  measured  by  virus  isolation;  the  reasons 
for  this  lack  of  spread  are  currently  under  study.   Over  200  entero- 
virus-like  agents  have  been  isolated  from  throat  swabs  with  approximately 
half  of  those  tested  being  acid  labile  indicating  that  they  are 
probably  rhinoviruses .   The  incidence  of  rhinoviruses  is  especially 
interesting  since  little  is  known  concerning  the  epidemiology  of 
rhinoviruses  in  this  age  group.   We  attempted  to  type  the  rhinovirus 
isolates  but  found  that  only  a  small  percentage  could  be  typed  with 
available  sera.   We  are  therefore  awaiting  the  preparation  of  additional 
rhinovirus  sera  in  order  to  continue  our  study  of  rhinoviruses  at 
Junior  Village.   Adenovirus  associated  viruses  (AAV)  have  also  been 
recovered  from  residents  of  Junior  Village.   Studies  of  the  epidemiology 
of  the  AAV  viruses  are  described  in  Project  #  71A  entitled  "Studies 
of  the  Adenovirus  Associated  Viruses  (AAV)". 

Since  specimens  are  obtained  routinely  from  all  children  whether 
sick  or  well  and  since  clinical  observations  such  as  temperature  are 
also  obtained  daily  on  all  the  children,  an  excellent  opportunity  is 
available  to  study  the  natural  occurrence  of  infections.   In  addition, 
an  excellent  opportunity  is  available  to  study  the  association  of  a 
particular  virus  with  febrile  illness  by  utilizing  cross  sectional  and 
horizontal  methods  of  analysis. 

Project  66B  An  Outbreak  of  Mumps  Virus  Infection. 

From  January  to  May  of  1965  residents  of  Harrison  Cottage  experienced 
a  fairly  sharp  outbreak  of  mumps  virus  infection.   During  this  period 
32  initial  isolations  of  mijmps  virus  were  made  from  throat  swab  specimens. 


Jl* 


66 
Serial  no.  NIAID-A-E 

and  will  continue  to  be  the  major  objective  of  this  project  especially 
as  more  of  such  vaccines  become  available. 

Methods  Employed  and  Patient  Material ; 

The  study  population  is  located  in  Southwest  Washington,  D.  C. 
In  December,  1962,  the  "nursery"  group  under  our  surveillance  since 
1955  was  transferred  to  two  spacious,  attractive  new  buildings 
constructed  several  hundred  yards  from  its  previous  location  which 
was  in  Eisenhower  Cottage.   The  new  buildings  are  now  designated  as 
Harrison  Cottage,  which  houses  the  youngest  children,  and  Arthur 
Cottage,  which  houses  the  next  youngest  group  of  children,  the  average 
weekly  population  studied  in  Harrison  Cottage  was  approximately  52 
children  while  that  of  Arthur  Cottage  was  approximately  45.   On  the 
average,  approximately  6  children  were  admitted  to  Harrison  Cottage 
and  approximately  2  to  Arthur  Cottage  each  week,  while  between  5  and 
6  were  discharged  from  Harrison  Cottage  and  between  2  and  3  from  Arthur 
Cottage  weekly.   The  difference  in  admission  rates  between  the  two 
cottages  was  a  result  of  the  conversion  of  one  wing  (wing  3)  of 
Harrison  Cottage  into  a  special  admissions  unit  to  which  all  children 
up  to  5  years  of  age  were  admitted.   Children  usually  resided  there 
for  3  weeks  before  being  transferred,  according  to  age,  to  other  wings 
of  Harrison,  to  Arthur  or  to  Cleveland  Cottages.   Harrison  Cottage 
wings  1  and  2  housed  children  6  months  to  approximately  2  years  of  age; 
Arthur  Cottage  housed  children  approximately  2  to  4-1/2  years  of  age 
and  Cleveland  Cottage  housed  those  about  4-1/2  years  or  older.   Wing  1 
or  Arthur  Cottage  which  housed  the  oldest  children  in  that  cottage 
was  not  included  in  the  study  because  its  residents  frequently  left 
the  cottage  for-  outside  activities  and  consequently  were  not  available 
for  close  observation.   Our  intensive  epidemiologic  observations 
which  in  the  annual  report  of  2  years  ago  were  noted  to  be  limited  to 
children  in  Harrison  Cottage  were  expanded  on  July  17,  1966,  to  once 
again  include  Arthur  Cottage  in  order  to  expand  our  study  of  an  in- 
activated respiratory  syncytial  (RS)  vaccine.   On  September  30,  1967, 
Arthur  Cottage  was  dropped  from  the  study  since  the  RS  vaccine  study 
had  been  concluded  and  no  new  respiratory  virus  vaccine  trials  were 
contemplated  in  the  near  future. 

A  full-time  physician  (D.  C.  Welfare  Dept.),  two  nurses  (NIH) , 
and  four  nurses'  assistants  (NIH)  maintain  constant  medical  surveillance 
of  the  children,  record  rectal  temperatures  once  every  day,  collect 
specimens  for  laboratory  study  twice  a  week  and  prepare  clinical  records 
on  each  child  each  day,  regardless  of  whether  or  not  a  child  is  ill. 
Both  throat  and  anal  specimens  for  virus  study  are  collected  twice 
weekly  from  every  child  and  otherwise  when  indicated.   Blood  specimens 
are  collected  on  admission  and  approximately  every  three  months  thereafter, 
The  average  stay  of  a  child  in  each  cottage  is  approximately  18  weeks. 

Major  Findings; 

Project  66A   The  General  Epidemiology  of  Illness  and  Infection  in 
the  Junior  Village  Nursery  ' 
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An  additional  5  isolates  representing  subsequent  virus  shedding  were 
also  recovered.  It  was  noteworthy  that  only  15  cases  of  clinical 
mumps  with  parotitis  developed  among  the  32  mumps  virus  positive 
children.   Serologic  tests  will  also  be  made  in  an  attempt  to  determine 
the  number  of  children  who  were  actually  infected.   The  comparative 
sensitivity  of  the  hemagglutination-inhibition  complement-fixation 
and  neutralization  tests  as  discussed  in  a  previous  annual  report  will 
also  be  further  investigated  using  blood  specimens  from  this  recent 
outbreak.   This  outbreak  will  be  studied  in  an  attempt  to  elucidate 
the  epidemiology  of  mumps  virus  infection. 

Project  66C   A  Comparison  of  the  Epidemiology  of  Rubeola  and 
Rubella 

It  has  been  found  that  almost  all  young  adults  have  antibodies  to 
rubeola  and  are  therefore  immune  to  this  disease,  while  it  appears 
that  about  15%  of  young  adults  do  not  have  neutralizing  antibody  to 
rubella.   One  hypothesis  for  this  difference  in  prevalence  of  antibody 
to  these  two  diseases  has  bee  '  that  rubella  is  not  as  "infectious"  as 
rubeola.   An  opportunity  to  study  the  comparative  epidemiology  of 
these  two  diseases  occurred  during  an,  outbreak  in  which  both  rubeola 
and  rubella  occurred  concurrently  at  Junior  Village.   During  a  three 
month  period,  all  of  88  children  developed  serologic  evidence  of 
rubeola  infection,  while  during  the  same  period  only  55  (83%)  of  80 
children  without  detectable  rubella  antibody  developed  serologic 
evidence  of  rubella  infection.   However,  additional  laboratory  tests 
have  revealed  that  in  a  later  blood  specimen  obtained  several  months 
after  the  initial  post-outbreak  blood  specimen  almost  all  of  the 
children  who  had  failed  to  develop  serologic  evidence  of  rubella 
infection  in  the  original  paired  sera  surrounding  the  outbreak  period, 
did  develop  neutralizing  antibody  to  rubella  in  this  later  blood  specimen- 
It  was  also  found  that  all  children  with  pre-outbreak  rubeola  antibody 
developed  rubella  antibody  in  their  post-outbreak  sera.   Further 
analysis  of  these  data  are  in  progress  in  order  to  evaluate  the 
relative  communicability  of  these  two  viruses.   The  rubella  antibody 
studies  were  performed  by  Dr.  David  A.  Fyicillo,  Infectious  Disease 
Section,  PRB,  NINDB. 

Project  66 D   An  Outbreak  of  Infectious  Lymphocytosis 

This  outbreak  occurred  in  a  four  month  period  when  at  least  22 
cases  of  acute  infectious  Ijmiphocytosis  were  discovered.   The 
epidemiologic  data  available  in  the  study  of  this  outbreak  are  the  most 
extensive  of  any  outbreak  of  this  disease  yet  described.   The  leukocyte 
counts  varied  from  20,000  to  94,000  per  cu.  mm.  with  a  relative 
lymphocytosis  on  the  average  of  approximately  80  per  cent.   After  the 
outbreak  had  begun,  routine  white  blood  cell  counts  were  recorded  in 
the  entire  population  twice  a  week  in  the  beginning,  and  subsequently 
once  a  week  in  an  attempt  to  define  accurately  an  incubation  period 
and,  in  addition,  to  estimate  the  duration  of  the  disease.   The 
epidemiologic  analysis  of  this  outbreak  is  awaiting  the  testing  of  the 
specimens  obtained  from  these  children  in  an  effort  to  determine  if  an 
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etiologic  agent  could  be  found.   Attempts  will  be  made  to  isolate  the 
etiologic  agent  by  using  newer  techniques  such  as  organ  cultures  and 
experimental  cell  cultures. 

Project  66B   Study  of  Inactivated  Respirator^''  S3nicytial  Virus 
\/accine 

The  purpose  of  this  project  was  to  determine:   (1)  the  nature 
of  local  and  systemic  reactions  to  the  vaccine;  (2)  the  antigenicity 
of  the  vaccine;  (3)  the  protective  effect,  if  any,  of  the  vaccine  during 
a  naturally  occurring  outbreak  of  RS  virus . 

The  respiratory  syncytial  virus  vaccine  was  prepared  by  Charles 
Pfizer  and  Co.,  under  contract  PH  43-63-1178.   The  vaccine  strain  (the 
Burnett  strain  isolated  from  a  volunteer  at  NIH)  was  passaged  in 
human  embryonic  kidney  ten  times.   The  antigen  pool  was  prepared  in 
vervet  monkey  kidney  and  was  clarified  through  a  millipore  SM  membrane, 
formalin  inactivated  (1-4000)  for  72  hours,  concentrated  by  ultracentri- 
fugation  and  alum  precipitation.   The  vaccine  v/as  administered  to  half 
the  children  in  residence  and  to  alternate  admissions  with  selection  of 
vaccinated  and  nonvaccinated  children  based  on  the  number  assigned  to 
a  child  on  admission.   Second  and  third  doses  were  administered  at  3  to 
4  week  intervals. 

Betv/een  February  28,  1955  and  December  20,  1965,  RS  vaccine  was 
administered  to  a  total  of  70  children  in  Harrison  and  Arthur  Cottages. 
No  significant  local  or  systemic  vaccine  reactions  were  observed.   One 
to  three  doses  of  vaccine  were  found  to  produce  CF  antibody  titers  of 
1:6  to  1:255  in  27  (97%)  of  28  seronegative  (<1:4)  residents;  the 
vaccine  also  stimulated  high  levels  of  neutralizing  antibody. 

A  sharp  outbreak  of  RS  virus  infection  occurred  among  the  nursery 
residents  as  virus  was  recovered  from  50  (41%)  of  145  residents  and 
serologic  evidence  of  infection  was  detected  in  37  (92%)  of  40 
seronegative  individuals.   Recovery  of  RS  virus  was  found  to  be 
significantly  associated  not  only  with  the  onset  of  febrile  illness 
but  also  with  the  onset  of  febrile  pneumonia  illness. 

The  vaccine  not  only  failed  to  offer  protection  but  also  induced 
an  exaggerated ,  altered  clinical  response  to  naturally  occurring  RS 
virus  infection  in  the  younger  vaccinees  as  9  (69%)  of  13  vaccinated 
and  only  4  (9%)  of  47  nonvaccinated  Harrison  Cottage  residents  5-23 
months  of  age  developed  pneumonia  (P<0001);  in  addition,  5  of  these  13 
vaccinees  developed  pneumonia  sex-ious  enough  to  require  hospitalization 
while  none  of  these  47  nonvaccinated  individuals  vrere  hospitalized. 

Such  a  paradoxical  effect  of  vaccination  was  not  evident  in  Arthur 
Cottage  which  housed  mostly  older  vaccinees.   The  prevalence  of  post- 
vaccine  antibody  among  residents  in  both  cottages  was  comparable. 
The  paradoxical  effect  of  vaccination  described  in  this  study  and  the 
finding  by  others  that  the  highest  rate  of  RS  virus  associated  lower 
respiratory  tract  disease  occurred  in  the  first  4  months  of  life  when 
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passively  transferred  maternal  antibody'-  was  at  high  levels  suggest 
that  serum  antibody  may  play  an  active  role  in  the  pathogenesis  of  RS 
virus  disease.   In  addition,  a  possible  protective  role  against  RS 
virus  illness  by  local  respiratory  tract  antibody/-  is  postulated  and 
will  be  studied  during  the  next  year. 

From  the  observations  made  in  this  study  we  have  recommended  that 
inactivated  RS  vaccines,  regardless  of  antigenicity,  not  be  given 
parenterally  unless  new  information  emerges  concerning  the  mechanism 
of  potentiation  of  RS  virus  infection  in  infants  immunized  with 
inactivated  RS  vaccine  and  this  information  indicates  that  a  new  and 
different  approach  to  parenteral  immunoprophylaxis  could  be  safely 
and  confidently  undertaken.   In  addition,  si.nce  the  mechanism  of 
potentiation  is  not  definitely  established,  studies  investigating 
the  efficacy  of  RS  vaccines  administered  by  other  routes  should  be 
approached  with  caution;  administration  of  gammaglobulin  to  infants 
and  children  during  period  of  RS  virus  prevalence  should  also  be 
approached  with  caution  since  the  passive  transfer  of  RS  virus  antibody 
via  gammaglobulin  administration  might  induce  an  alteration,  of  host 
response  to  RS  virus  infection. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute. 

This  project  represents  a  systematic  appx-oach  to  determining  the 
various  etiologies  of  acute  febrile  illnesses  and  in  addition,  provides 
an  excellent  population  for  the  study  of  the  effectiveness  of  various 
respiratory  vaccines.   It  is  apparent  that  the  many  acute  febrile 
respiratory  illnesses  and  fevers  of  unknown  origin  are  caused  by  a 
multiplicity  of  etiologic  agents,  some  of  which  have  and  some  which 
have  not  been  identified.   To  prevent  or  modify  these  illnesses  by 
vaccine  prophylaxis  will  require  a  multipolyvalent  vaccine.   The  pro- 
ject offers  an.  excellent  population  for  the  controlled  epidemiologic 
studies  of  monovalent  and  eventually  multipolyvalent  vaccines.   The 
project  also  provides  a  large  amount  of  data  which  needs  careful  study 
to  see  if  epidemiological  methods  can  be  found  to  shed  li.ght  on  latent 
infections,  multiple  etiology  of  illnesses  or  the  role  of  interference 
of  infections  in  preventing  disease. 

Proposed  Course  of  Project; 

Clinical  epidemiological  observations  are  being  continued  together 
with  twice  weekly  collection  of  throat  and  once  weekly  collection  of 
anal  specimens  for  virus  study  and  collection  of  routine  blood  samples. 
The  intensive  epidemiologic  studies  of  respiratory  and  other  viral 
vaccines  which  are  shown  to  be  safe  by  all  known  available  knowledge 
and  techniques  will  continue  to  be  a  major  objective  of  this  project 
as  these  vaccines  become  available.   It  is  planned  to  continue  the  study 
for  as  long  as  it  appears  profitable.   In  order  to  determine  the  role 
of  nasal  antibody  in  defense  against  acute  respiratory  illnesses, 
we  are  planning  to  obtain  periodic  nasal  washings  frcm  the  study  group 
at  Junior  Village .   If  we  are  successful  in  obtaining  such  washings 
routinely,  we  will  be  able  to  study  the  role  of  nasal  antibody  in 
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defense  against  RS,  parainfluenza,  adenovirus,  rhinovirus  and  other 
virus  infections. 


Honors  and  Awards 
Dr.  Kapikian: 

Member  -  NIAID  Research  Reference  Reagents  Committee. 

Alternate  Member  Clinical  Research  Committee  NIH. 

Member  -  District  of  Columbia  Public  Welfare  Medical  Advisory  Board 

Invited  to  be  Chairman  of  General  Session  on  Infectious  Diseases 
of  Epidemiology  Section  of  American  Public  Health  Association  at 
APHA  Annual  Meeting,  Detroit,  Michigan,  November,  1968. 
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Serial  No.  NIAID  66-F 
1   Viral  Diseases 

2.  Epidemiology 

3.  Bethesda, .Maryland 

PHS  -  NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 

Project  Title:   Attempts  to  Find  the  Etiologic  Agents  of  Myocarditis 

Previous  Serial  Number:   SAME 

Principal  Investigator:   Dr.  Albert  Z.  Kapikian 

Cooperating  Units:  Dr.  Jack  Segal  and  Dr.  Proctor  Harvey,  Georgetown 
University  Medical  School,  Department  of  Medicine 
Mr.  Horace  C.  Turner,  Serology  Unit,  LVD 

Man  Years:        NIAID 

Lab  Staff 
Total:  1/12 

Professional :     0 
Other:  l/l2 

PROJECT  DESCRIPTION 

The  basic  objective  of  this  study  is  to  attempt  to  elucidate  the 
etiologic  agents  involved  in  the  pathogenesis  of  myocarditis. 

Tools  for  such  a  study  are  scanty  since  myocarditis  frequently 
becomes  manifest  several  weeks  after  the  onset  of  an  acute  illness  and, 
as  a  result,  it  is  difficult  to  obtain  acute  illness  specimens  from  a 
patient  with  myocarditis.   Therefore,  in  cooperation  with  the  Georgetown 
University  Medical  School  Department  of  Medicine ,  we  have  obtained  blood 
specimens  from  patients  who  have  myocarditis,  other  cardiac  diseases 
and  noncardiac   diseases.   We  have  tested  these  blood  specimens  for 
CF  antibody  to  Coxsackie  virus  types  B3,  B5 ,  B6 ,  A7 ,  A9 ,  A13  and  A16 
and  to  Echo  virus  types  2,  6,  8,  9  and  16.   On  clinical  criteria,  the 
Georgetown  University  physicians  have  classified  the  patients  whose 
sera  we  have  obtained  as  patients  with  A)   primary  myocardial  disease 
(acute  0-3  months,  sub  acute  3-6  months,  chronic  >6  months),  B)  peri- 
carditis, C)  arrhythmias,  D)  arteriosclerotic  heart  disease,  E)  question- 
able arterosclerotic  heart  disease  vs  questionable  primary  myocardial 
disease,  F)  idiopathic  hypertrophy,  G)  no  known  heart  disease  (controls). 

Major  Findings: 

Thus  far  our  serologic  survey  against  the  aforementioned  viruses 
has  revealed  a  tendency  (not  statistically  significant)  for  the  viral 
myocarditis  group  to  have  a  somewhat  higher  prevalence  of  antibodies  to 
Coxsackie  B5 ,  Coxsackie  A13 ,  and  Echo  8  viruses.   However,  these  findings 
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are   quite    preliminary  and    the   data   is   scanty  and    further   analysis    is 
necessary.      An   additional    large   number   of   sera   have   been    received    and 
will    be    tested    for   prevalence    of    CF  antibodies    to    the    aforementioned 
antigens , 


SIGNIFICANCE    TO   BIO-MEDICAL  RESEARCH  AND   THE  PROGRAM   OP   THE   INSTITUTE 

This    study    is    on    a    small    scale    at    this    time.  However,    if   any 

striking    associations    are    found,    the   study  will    be  expanded.       TT^e 

elucidation    of    the   etiologic    agents   of  myocarditis  is   of   considerable 
importance    to  medical   science. 


PROPOSED    COURSE   OP  PROJECT 

This    project    is    to   be   continued    on    the    current   basis.       If   a 
significant   association   between   myocarditis    and   one    of    the    viruses    is 
found    we   would    plan    to  expand    the    study   into    a    larger   epidemiologic 
setting . 
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Serial  No.  NIAID  67A 

1  .   Viral  Di seases 

2.  Pacific  Research  Section 

3.  Honolulu,  Hawai i 

PHS-NIH 

Individual  Project  Report 

July  1,  I967  through  June  30,  I968 

Project  Title:  Studies  on  p icornaviruses  and  reoviruses 

.Previous  serial  number:  Same 

Principal  Investigator:  Leon  Rosen,  M.D. 

Other  Investigators:  Dr.  Andrew  Dean,  Dr.  William  Neal,  Dr.  Thomas  Jones, 
Dr.  Clara  Yuen 

Cooperating  Units:  U.  S.  Air  Force  Fifth  Epidemiological  Flight, 
Manila,  Philippine  Islands 

NIAID   Contract   Total 

STAFF 

21/12  36/12 

12/12 

21/12  2i|/l2 


1)  To  study  THE  NATURAL  HISTORY  OF  P I CORNAV I  RUSES  AND  REOVIRUSES  AND 

their  role  in  human  disease. 

2)  to  study  hemagglutination  by  p i corna v  i ru ses  and  the  application 
of  this  phenomenon  to  viral  identification,  serology,  and  classification. 

Methods  employed: 

Laboratory  studies  continued  on  the  hemagglut inat ing  properties  of 
p icornaviruses  isolated  from  young  adults  and  children  with  "uppcr  respiratory 

disease"  and  ON  A  LARGE  GROUP  OF  ENTEROVIRUSES,  ISOLATED  FROM  CHILDREN  IN 

Mexico,  which  are  cytopathic  in  human  but  not  monkey  cell  cultures. 

Work  was  continued  on  specimens  collected  during  the  I966  outbreak  of 
diarrheal  disease  at  Clark  Field  in  the  Philippine  Islands  and  initiated  on 
specimens  collected  during  a  similar  outbreak  in  1967- 


Man  Years: 

NIAID 

staff 

Total 

15/12 

Prof. 

12/12 

Others 

3/12 

Project  Description: 

Objectives: 

Serial  No.  NIAID  67A 
Major  f  ind ings: 

Serologic  testing  of  specimens  collected  during  the  I967  outbreak  again 

DEMONSTRATED  THAT  CONCURRENT  ENTEROVIRUS  INFECTIONS  WERE  PREVALENT.    In  THIS 
PROSPECTIVE  STUDY,  10  OT  19  PERSONS  WITH  DIARRHEA  AND  26  OF  8l   PERSONS  WITH 
NO  DIARRHEA  HAD  FOUR-FOLD  OR  GREATER  RISES  IN  HI  ANTIBODIES  AGAINST  ECHO  12 
VIRUS  WITHIN  A  THREE-  TO  FOUR-WEEK  PERIOD.   ADENOVIRUS  TYPE  26  WAS  ISOLATED 
FROM  ONE  OF  TEN  FECAL  SPECIMENS  AVAILABLE  FROM  THE  19^7  PATIENTS.   Th E   INDI- 
VIDUAL YIELDING  THIS  AGENT  HAD  A  SIGNIFICANT  HI  ANTIBODY  RESPONSE  BUT  NO  ONE 

ELSE  DID.  None  of  the  sera  showed  significant  rises  in  titer  against  reovirus 
TYPES  1  AND  2.   Consideration  of  all  data  available  at  present  suggests  that 

the  annual  DIARRHEA  OUTBREAK  AT  ClARK   IS  CAUSED  BY  A  VAR I ETY  OF  WATER-BORNE 
ENTEROVIRUSES  -  SOME  OF  WHICH  ARE  NOT  DETECTABLE  BY  PRESENTLY  KNOWN  TECHNIQUES, 

REOVIRUSES  WERE  TYPED  FOR  A  NUMBER  OF  OTHER  LABORATORIES.   SoME  OF  THESE 

isolates  had  been  recovered  from  chimpanzees  with  kuru  and  from  mosquitoes 
being  tested  for  arboviruses. 

Work  continued  on  the  hemagglut inat ing  properties  of  enteroviruses  but 
NO  major  advances  were  made. 

Significance  to  biomedical  research  and  the  program  of  the  Institute 

The  annual  diarrhea  epidemic  at  Clark  Field  appears  to  offer  a  unique 
opportunity  to  demonstrate  1)  that  infectious  virus  can  be  present  in  water 
processed  by  currently  accepted  techniques  and  considered  satisfactory  by 
bacter  lologic  standards,  2)  that  enteroviruses  can  cause  epidemic  diarrheal 
disease  in  adults,  and  3)  that  enteroviruses  exist  which  cannot  be  isolated 
by  presently  known  techniques  -  but  which  can  be  detected  by  serologic 
examination  of  infected  individuals. 

The  studies  on  enterovirus  hemagglutination  contribute  TO  THE  UNDER- 
STANDING OF  RELATIONSHIPS  WITHIN  THIS  LARGE  VIRUS  FAMILY  AND  HAVE  POSSIBLE 
APPLICATIONS  FOR  FUTURE  PREVENTIVE  MEASURES.   AlSO,   IF  SUCCESS  IS  FINALLY 

achieved  in  demonstrating  hemagglutination  by  most  of  the  serotypes,  very 
useful  tools  will  be  available  for  many  types  of  laboratory,  clinical,  and 
epidemiologic  studies, 

Proposed  course  of  project: 

Studies  are  currently  in  progress  in  anticipation  of  a  I968  diarrhea 

OUTBREAK  AT  ClARK  FiELD.   ThESE   INCLUDE  THE  COLLECTION  OF  PAIRED  PRE-OUTBREAK 
SPECIMENS  FROM  NEW  ARRIVALS  AND  PLANS  FOR  ANOTHER  PROSPECTIVE  STUDY  ONCE  THE 
OUTBREAK  BEGINS.   BECAUSE  OF  LIMITATIONS  OF  PERSONNEL,  THE  1 968  STUDY  WILL  BE 
LIMITED  TO  SEROLOGIC  INVESTIGATIONS.    If  THE  RESULTS  OF  THIS  STUDY  ARE  AS 

anticipated,  it  is  planned  that  a  definitive  study  will  be  arranged  for  19^9 
with  major  help  from  the  u.  s.  alr  force. 

Laboratory  work  will  continue  on  hemagglutination  by  enteroviruses. 
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Honors  and  awards; 


Dr.  Rosen  was  appointed 

TO  THE  AD  HOC  ADVISORY  GROUP  ON  ENTEROVIRUSES  OF  NIAID 

TO  THE  Graduate  Affiliate  Faculty  of  the  Department  of  Microbiology, 
University  of  Hawaii 

A  consultant  in  virology  to  the  Tripler  Army  Medical  Center,  Hawaii. 

PuBL I  cations: 

Streissle,  G.,  Rosen,  L.,  and  Tokumitsu,  T.:  Host  specificity  of  wound 
tumor  virus  and  reoviruses  and  their  serologic  relationships.  Arch.  Ges. 
Virusforsch.  22:ko^-k^6,    I968. 

Rosen,  L.  Reoviruses.  ]_h   Handbuch  der  Virusforsch.  ed  .  by  Gard,  S., 
Hallauer,  C,  and  Meyer,  K.  F.  Wien-New  York,  Spr  inger-Verlag,  Vol.  1,  1968. 

Rosen,  L.  Reoviruses.  JUj^  Di  agnost  ic  Procedures  for  Viral  and 
Rickettsial  Diseases,  4th  Ed.,  ed .  by  Lennette,  E.  H.  and  Schmidt,  N.  J. 
American  Public  Health  Association  (in  press). 

Rosen,  L.  Reoviruses.  _I_n  Standardized  Methods  for  Veterinary  Micro- 
biology, TO  BE  PUBLISHED  BY  THE  NATIONAL  ACADEMY  OF  SCIENCES  (iN  PRESs). 

Rosen,  L.  Reoviruses.  j_n  Manual  of  Clinical  Microbiology  to  be  published 
BY  the  American  Society  for  Microbiology  (in  press). 

Rosen,  L.  Hemagglutination.  j_n  Fundamental  Techniques  in  Virology, 
ED.  BY  K.  Habel  and  N.  Salzman.  Academic  Press  (in  press). 


Serial  No.  NIAID  67B 

1  .  Viral  Diseases 

2.  Pacific  Research  Section 

3  .  Honolulu  J  Hawai i 


PHS-NIH 

Individual  Project  Report 

July  1,  19^7  through  June  3^)  1968 


Project  Title:  Studies  on  eosinophilic  meningitis,  Ang iostrongylus 

CANTONENSI S,  and  GnATHOSTOMA  SP in  I GERUM . 

Previous  serial  number:  Same 

Principal  Investigator:  Dr.  Leon  Rosen 

Other  Investigators:  Dr.  Gordon  Wallace,  Dr.  Sompone  Punyagupta,  Dr.  E.  R. 
Chen,  Dr.  C.  Y.  Yii,  Dr.  John  Cross 

Cooperating  Units:  Faculty  or  Medicine,  Ramathibodi  Hospital,  Bangkok, 

Thailand;  Kaohsiung  Medical  College,  Kaohsiung,  Taiwan; 
and  U.  S.  Navy  Medical  Research  Unit  No.  2,  Taipei, 
Taiwan  . 

Man  Years:       NIAID   Contract   Total 
staff     staff 

Total  10/12  10/12  20/l2 
Prof.  7/12  6/12  I3/I2 
Others       3/12      V  2     7/12 

Project  Description: 

Object i ves: 

To  determine  the  etiology  and  method  of  transmission  of  eosinophilic 

MEN INGIT is. 

Methods  employed: 

Collaborative  field  studies  on  eosinophilic  meningitis  were  continued 
during  the  year  in  Thailand  and  Taiwan. 

Major  findings: 

A  new  clinical  entity  "eosinophilic  myeloencephal itis"  was  delineated 
IN  Thailand  and  shown  to  be  caused  by  the  nematode  Gnathostoma  spinigerum. 
In  all,  122  cases  of  this  entity  were  studied  of  wh  ich  lb  were  fatal.  Nine 
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OF  THE  LATTER  WERE  AUTOPSIED  AND  SINGLE  PARASITES  FOUND  IN  THE  BRAIN  IN  TWO 

PATIENTS.  Hemorrhage  into  the  central  nervous  system  was  the  presumed  cause 
OF  death  in  all  fatal  cases. 

a  large  number  of  eosinophilic  meningitis  cases  were  also  studied  in 
Thailand  but  there  were  no  major  new  findings  except  for  the  detection  of 

NUMEROUS  parasites  IN  THE  BRAIN  OF  A  FATAL  CASE, 

Living  A.  cantonens  is  were  recovered  from  the  spinal  fluid  of  two 

ADDITONAL  non-fatal  CASES  OF  EOSINOPHILIC  MENINGITIS  ON  TAIWAN,   ThE  FINDINGS 

in  these  patients  add  much-needed  evidence  to  the  association  of  this  parasite 
with  non-fatal  forms  of  the  disease. 

Significance  to  biomedical  research  and  the  program  of  the  Institute; 

It  is  becoming  increasingly  apparent  that  parasitic  zoonoses  for  which 

MAN  is  an  abnormal  HOST  ARE  IMPORTANT  CAUSES  OF  HUMAN  DISEASE.   ThESE  ENTITIES 
have  gone  largely  unrecognized  IN  THE  PAST  BECAUSE  OF  THE  GREAT  DIFFICULTY  IN 
ESTABLISHING  THE  DIAGNOSIS  IN  THE  PRESENCE  OF  VERY  FEW  PARASITES  OR  THEIR 
OCCURRENCE  IN  INACCESSIBLE  LOCATIONS  -  SUCH  AS  THE  CENTRAL  NERVOUS  SYSTEM. 
The  DETECTION  AND  DESCRIPTION  OF  PARAS  ITOLOG I CALLY  PROVEN  CASES  GREATLY 
ASSISTS  CLINICIANS  IN  RECOGNIZING  THE  ETIOLOGY  OF  ILLNESS  IN  THE  LARGE 
MAJORITY  OF  PATIENTS  IN  WHICH  THE  CAUSATIVE  ORGANISM  CANNOT  BE  FOUND. 

The  DISEASES  CAUSED  BY  A.  CANTONENSIS  AND  G.  SP IN IGERUM  ARE  IMPORTANT 

problems  in  southeast  asia  -  an  area  in  which  the  united  states  is  apt  to 
be  involved  for  a  considerable  time. 

Proposed  course: 

It  is  ANTICIPATED  THAT  THE  COLLABORATIVE  PROJECT  IN  TAIWAN  WILL  BE 
TERMINATED  DURING  THE  FIRST  HALF  OF  THE  NEXT  FISCAL  YEAR  AND  THAT  THE  FIELD 

STUDIES  IN  Thailand  will  be  terminated  at  the  end  of  the  fiscal  year. 
Laboratory  work  on  the  life  cycle  of  Gnathostoma  will  be  undertaken  in 
Thailand  in  an  attempt  to  clarify  some  unexplained  aspects  of  the  patho- 
genesis of  the  human  disease.   It  is  also  anticipated  that  collaborative 
laboratory  studies  will  be  undertaken  to  clarify  data  on  differences  in 

pathogenicity  of  A,  CANTONENSIS  STRAINS  FROM  DIFFERENT  GEOGRAPHIC  AREAS. 

Honors  and  awards; 

Dr.  Rosen 

was  appointed  to  the  Editorial  Board,  American  Journal  of  Tropical 
Medicine  and  Hygiene 

continued  to  serve  as  Clinical  Professor  of  Tropical  Medicine, 

University  of  Hawaii  School  of  Medicine  and  on  the  Affiliate 

Graduate  Faculty  of  the  School  of  Public  Health  of  the  same  university. 


Serial  No.  NIAID  67B 

PRESENTED  AN  INVITED  PAPER  ENTITLED  "AnG I OSTRONGYL I  AS  I s"  AT  A 
MEETING  OF  THE  TaIPEI   INTERNATIONAL  MEDICAL  SOCIETY 

presented  two  invited  papers  entitled  "blology  and  distribution  of 
Angiostrongylus  cantonensis"  and  "Epidemiology  of  eosinophilic  menin- 
gitis ON  Pacific  Islands"  at  a  Seminar  on  Helminthiasis  and  Eosinophilic 
Meningitis  sponsored  by  the  South  Pacific  Commission 

RECEIVED  AN  INVITATION  TO  PRESENT  A  PAPER  ENTITLED  "RECENT  ADVANCES  IN 
KNOWLEDGE  OF  AnG I OSTRONGYLUS  IN  RELATION  TO  EOSINOPHILIC  MENINGITIS  IN 

THE  Pacific  area"  at  the  VIII  International  Congresses  on  Tropical 
Medicine  and  Malaria. 

PuBL icat ions: 

Wallace,  G.  D.  and  Rosen,  L.:  Studies  on  eosinophilic  meningitis. 
k.      Experimental  infection  of  fresh-water  and  marine  fish  with  A.  canton- 
ensis. Amer.  J.  Epid.  8^:395-^02,  1967. 

Ash,  L.  R.:  Ang iostrongylus  m  ich  iganens  i  s  sp.  n.  (Nematoda:  Meta- 
strongyloidea) ,  a  lungworm  occurring  in  the  shrew,  Sorex  cinereus  cinereus, 
IN  Michigan.  J.  Parasit.  ^1625-629,  I967. 

Chitanondh,  H.  and  Rosen,  L.:  Fatal  eosinophilic  encephalomyelitis 
caused  by  the  nematode,  Gnathostoma  spinigerum.  Amer.  J.  Trop.  Med,  Hyg. 
26:638-645,  1967. 

Char,  D.  F.  B.  and  Rosen,  L.:  Eosinophilic  meningitis.  _I_n  Current 
Pediatric  Therapy  -  3,  edited  by  Gellis,  S.  S.  and  Kagan,  B.  M.  W.  B. 
Saunders  Co.,  1968,  p.  7I9. 

Wallace,  G.  D.  and  Rosen,  L.:  Experimental  infection  of  Pacific  Island 
molluscs  with  Angiostrongylus  cantonensis.  Amer.  J.  Trop.  Med.  Hyg.  (in  press] 

Ash,  L.  R.:  The  occurrence  of  Angiostrongylus  cantonensi s  in  frogs  of 
New  Caledonia  with  observations  on  paratenic  hosts  of  metastrongyles. 
J.  Parasit.  ( in  press) 

Punyagupta,  S.,  Limtrakul,  C,  Vi  ch  itpanthu.  P.,  Karnchanachetanee  ,  C, 
and  Nye,  S.  W.:  Nine  cases  of  rad  iculomyeloencephal it  is  associated  with 
eosinophilic  pleocytosis.  Amer.  J.  Trop.  Med.  Hyg.  (in  press). 

Punyagupta,  S.,  Juttijudata,  P.,  Bunnag,  T.,  and  Comer,  D.  S.: 

Two  FATAL  cases  OF  EOSINOPHILIC  MYELOENCE PH AL I T I S ,  A  NEWLY  RECOGNIZED  DISEASE 

CAUSED  BY  Gnathostoma  spinigerum.   Trans.  Roy.  Soc .  Trop.  Med.  Hyg.  (in  press) 
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1.  Viral  Diseases 

2.  Pacific  Research  Section 

3.  Honolulu,  Hawa i i 

PHS-NIH 

Individual  Project  Report 

July  1,  196?  through  June  30,  1968 

Project  Title:   Studies  on  Arthropod-borne  viruses 

Previous  serial  number:   Same 

Principal  Investigator:   Dr.  Leon  Rosen 

Other  Investigators:   Dr.  Andrew  Dean,  Dr.  Richard  Garcia,  Dr.  John  Belkin, 
Dr.  Philip  Russell,  Dr.  Clara  Yuen 

Cooperating  Units:   South  Pacific  Commission,  Noumea,  New  Caledonia; 
University  of  California  at  San  Francisco  ICMRT, 
Kuala  Lumpur,  Malaysia;  University  of  California 
at  Los  Angeles;  U.  S.  Army  Component,  SEATO  Medical 
Research  Project,  Bangkok,  Thailand. 


Man  Years: 

NIAID 

Contract 

Total 

staff 

staff 

Total 

18/12 

21/12 

39/12 

Prof. 

15/12 

15/12 

Others 

3/12 

21/12 

24/12 

Project  Description: 
Object i ves: 

To  study  the  epidemiology  of  arthropod-borne  viruses  in  the  simple 

ECOLOGIC   environment  OF  PACIFIC   ISLANDS. 

Methods  employed: 

FiE.D  studies  were  carriet  out  in  January  and  Feb(;uary  in  New  Caledonia, 
More  than  19,000  mosouitoes  were  collected  and  preserved  in  liquid  nitrogen 

FCR  virus   isolation  ATTEMPTS,   SERA  WERE  COLLECTED  FROM  VARIOUS  SPECIES  OF 
domestic  animals  FOR  SEROLOGIC  TESTS,  AND  LARVAL   AND  ADJLT  MOSQUITOES  WERE 
COLLECTED  FOR  TVXONOMIC  PURPOSES.    LABORATORY  STUDIES  WERE  AL?0  UNDE^^TAKEN 
V/ITH  PARTICULAR  REFfTRENCE  TO  THE  USE  OF  PLAQUE  PRODUCTION  FOR  VIRUS  DETEC- 
TION AND  SEROLOGY. 


SERIAL  No.   Nl AID  67c 


''.AJOfi  FINOINGS: 


ThIT,  PROirCT   1=  fiTILL   IN   ITS   INITIO.  PHASES  AND  MOST  OF  TM£  £FFOf»T 
OiJ^  I  "JG  THt  YFAP  WAS  OFVOTFr)  TO  THAlMirjG  PERSONNEL,  PrRFECTING  LABORATORY 
AN.-'  F  1  Fl  !   FROCFOURfS,   Alir   Cvll.  I.  ;:CT  1  NG  FIELO  MATERIAL  FOR  FUTURE  STUDY. 

l^yR'^HCR  STUDY  OF  TUF  DENGUE  TYPE  3  T-T  R /■  I  N      I'iOLAT^D  FROM  THE  196'+-fi[5 
OUTPRfAK   IM  I^RrNCH  ■''O  L  Y  M  ".  f,  I  A   S  U  T,  G  E  5  T  Jj  THAT   IT  MAY  D  I  ■■' F  rR  SIGNIFICANTLY  FRCM 
DKNGL'E  TYPF  J  STRAINS   ISOLATED   IN  OTHER  daRTS  OF  THE  WORLD. 

Pr  E^i.  I  M  I  N,\RY  FINDING'^   INDICATE  THAT  TWO  NEW  SPECIES  ARE   IMCLO?FD  AMONG 

THK    MOSQJI70F';    coLL.rcTro    in   New   Caleooni/v    for    ta-jonomic    study. 

5iCN|F|CANrE  TO  QICMEDICAL  RESEARCH  AND  THE  PROGRAM  QF  THE   InSTBTUTE; 

.  RTHROPOO-SORNE  VIRUSES  ARE   IMPORTANT  CAUST'.^  OF  HUMAN  DISEASE  BOTH   (N 
TEMPERATE  AND   IN  TROPICAL   AREAS.    It   IS  ALSO  APPARENT  THAT,   AS  ECOLOGIC 
CONDITIONS  CHANGE,   IMPORTANT  NEW  PROBLEMS  WITH  THESE  AGENTS  CAN  ARISE  -  FOR 
EXAMPLE,   THE  APPEARANCE  OF  DENGUE  HtMCRRMAGIC  FITVCR  AND  OUTBREAKS  OF  ARTHROPOD- 
BORNE  VIRUS     DISEASES   IN  AREAS  PREVIOUSLY    FREE  OF   INFF.CTIO'^.    STUDIFS  ON 

Pacific  (i.lanl's  should  yielo  iNFo^MATfON  not  easily  obtainable  in  more 
complex  ecoi.ogic  settings. 

"roposcO  course  of  project; 

It  is  anticipated  that  r'osT  work  during  the  next  year  wil'.  be  devoted  to 

THC  LAeCRATORY  STUOY  OF  MATERIAL  COLLECTED  PREVIOUSLY   IN  FRENCH  POLYNESIA 

AND  New  Caledonia.   Of  course,  should  an  outbreak  of  arthropod-borne  virus 
disease  occur  on  a  suitable  inland,  new  field  studies  woulo  Bt  undertaken. 

Honors  and  awards; 

Dr.  f^osEN  was  appointed 

To  THE  Dengue  task  Force,  Commission  on  Viral  Infections, 
.RMEo  Forces  Ep  i  oemiolog  i  c<'l  Board 


To  THE  Arbovirue  Committee  of  NIAIO 


Se-^ial  No.   NIAID  67C 


Publications: 


Rosen,  L.   A  recent  outbreak  of  dengue  in  French  Polynesia. 
Jap.  J.  Med.  Sci.  Biol.  20(Suppl. ): 67-69 i  196?. 

Laigret,  J.,  Rosen,  L.,  and  Schollmammer ,  G.   Sur  une  epidemie  de 
dengue  survenue  /f  Tahiti  en  1964.   Relations  avec  les  "fievres  hemorrag iques" 
ou  Sud-est  Asiatique.   Bull.  Soc.  Path,  Exot.  (in  press) 
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Serial    No.      NIAID  f>7D 

1.  Viral  Diseases 

2.  Pacific  Resfarch  Section 

3.  Honolulu ,  Hawa i i 

PHS-NIH 

Individual  Project  (Report 

July  1,  I967  through  June  30,  I968 

Project  Title:   Studies  cn  the  epidemiology  of  Toxoplasma  gondi i 

Previous  serial  number:   Same 

Principal  Investigator:   Dr.  Gordon  D.  Wallace 

Other  I nvfsti gators:   Dr.  Leon  Rosen 

Cooperating  Units;   The  Hawaii  State  Departments  of  Agriculture  and 
Public  Health 


Ian  Years: 

NIAID 

Contract 

Total 

staff 

staff 

Total 

14/12 

IV12 

28/12 

Prof. 

11/12 

1V1? 

Others 

3/12 

IV12 

17/12 

Project  Description: 

Objecti ves; 

To  determine  the  method,  or  methods,  by  which  man  becomes  infected 
with  T,  gondi I . 

Methods  employed; 

Some  epidemiologic  characteristics  of  human  infection  with  Toxoplasma 

WERE  determined  ON  CERTAIN  PACIFIC   ISLANDS  BY  SEROLOGIC  TESTING.    SURVEIL- 
LANCE  FOR  HUMAN  CASES  OF  DISEASE  WAS  CARRIED  OUT  ON  THE  ISLAND  OF  OaHU, 

Hawaii  py  offering  serologic  diagnostic  assistance  to  practicing  physicians. 
Detailed  epidemiologic  information  was  then  obtained  from  patients  diagnosed 
AS  having  toxoplasmosis  of  recent  onset. 

Serologic  surveys  were  also  conducted  om  common  species  of  domestic  and 
wild  mammals  and  birds  on  Oahu,   The  prevalence  of  ascarids  in  cats  on  Oahu 
was  also  determined  and  isolation  of  Tovjpl asma  attempted  from  ova  of  these 
and  other  nematodes. 


^':> 
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llAjoR  findings: 


The  prfvalence  of  toxoplasmosis  in  man,  as  measured  by  the  presence  of 
antibodies,  was  high  on  6  volcanic  islands  located  in  widely  separated 

GEOGRAPHIC  AREAS.    PREVALENCE  IN  THE  ADULT  POPULATION  (20  YEARS  AND  OLDEr) 
RANGED  FROM  ABOUT  60%  ON  OaHU  TO  99^  ON  PONAPE,  CAROLINE  ISLANDS.    PREVA- 
LENCE IN  YOUNGER  AGE  QROUP:>  RANGED  FROM  10%  IN  THE  O-k    YEAR  GROUP  TESTED  ON 
Oahu  to  35%  <N  THE  SAME  AGE  GROUP  ON  PONAPE. 

Of  POPULATIONS  SAMPLED  FROM  6  ATOLLS  IN  THE  WESTERN  CAROLINE  ISLANDS, 
THE  PREVALENCE  OF  ANTIBODY  WAS  MEDIUM  TO  HIGH  EXCEPT  FOR  ONE  ATOLL.   ThE 

absence  of  antibody  in  all  but  three  of  6^  residents  of  this  atoll  indicated 
that  transmission  of  toxoplasmosis  may  not  occur  there  at  all. 

Detailed  ep i hemiologic  information  was  obtained  from  8  patients 

DIAGNOSED  AS  HAVING  ACUTE  TOXOPLASMOSIS  (wiTH  UVEITIS  OR  UYMPHADOMPATH y) . 
Two  OF  THESE  INDIVIDUALS  WERE  HUSBAND  AND  WIFE  AND  TWO  WERE  SIBLINGS.    ThE 

only  information  that  appeared  to  be  of  possible  significance  was  that  6 
patients  knowingly  had  been  in  close  contact  with  doves  or  pigeons  within 
a  month  of  onset  of  illness. 

Sera  were  tested  from  more  than  800  dogs,  cats,  rats,  mice  and  birds 
FROM  Oahu.   Of  these,  52%  of  56  dogs,  10%  of  I5I  cats,  11%  of  I30  doves  and 
6%  of  1^5  wild  rats  had  antibodies.   Antibody  was  not  detected  in  89  wild 
mice,  19^  pigeons,  and  81  doves  (of  a  differfnt  species  than  the  positive 
doves).   The  pigeons  were  captured  at  the  same  location  as  most  of  the 
positive  doves.   Some  of  the  mice  were  obtained  from  an  area  where  positive 
rats  were  found. 

Ascarios  were  found  in  13%  of  1^46  cats  and  Physalopt'ira  were  found  in 
10%  of  ^2k   cats.   There  was  no  correlation  between  the  presence  of  these 
nematodes  and  Toxoplasma  antibodies.   Isolation  of  Toxoplasma  from  ascario 

OVA  TAKEN  directly  FROM  THE  FECES  OR  FROM  THE  WORM,  OR  BOTH,  WAS  ATTEMPTED 

in  11  cats  with  negative  results. 

Significance  of  biomedical  research  and  the  program  of  the  Institute; 

Human  toxoplasmosis  is  recognized  as  a  medical  problem  throughout  the 

world  but  the  principal  method  (or  methods)  by  WHICH  MAN  BECOMES  INFECTED  IS 

UNKNOWN.  Obviously,  new  information  on  this  topic  would  be  of  considerable 
interest. 

Proposed  course; 

Detailed  study  cf  the  relatively  simple  fauna  and  the  human  inhabitants 
of  the  atoll  with  the  very  low  prevalence  of  infection  and  two  other  nearby 
atolls  with  medium  to  high  prevalence  of  infection  is  planned.   Data  from 
these  studies  should  provide  significant  clues  for  further  investigation. 


3^:^ 
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Honor?  anc  awards: 


Oh.  V'allace  continued  to  serve  as  Assistant  Clinical  Professor  of 
Public  Health  and  Assistant  Clinical  Professor  of  Pathology  in  the 
University  of  Hawaii  School  of  Public  Health  and  Medicine,  respectively. 
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Serial  No.  NIAID  68  A 
I  .  V  iral  Diseases 

2.  Viral  Oncology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  I,  1957  through  June  30,  1968 

Project  Title:   Field  Studies  of  the  Role  of  Viruses  as  Causes  of  Human 
Cancer. 

Previous  Serial  Number:   SAME 

Principal  Invest igator(s) :  Drs.  Robert  J.  Huebner,  Wallace  P.  Rowe,  Janet  W, 

Hartley  (LVD,  NIAID);  Drs.  Andrew  Lewis  and 
James  Duff  (NCI). 

Other  Investigators:  Mr.  Horace  Turner,  Mr.  William  Lane,  Mr.  John  Estes 

(LVD,  NIAID);  Drs.  John  Mo  Ion ey,  Howard  Igel,  M.  Hatanaka, 
Herbert  Rapp,  Berton  Zbar,  Robert  Depue,  and  Frank 
Rauscher  (NCI). 

Cooperating  Units:  Orthopaedic  Hospital,  Los  Angeles  (Sub-contract  of  NCI 
Contract  PH43-64-94 I ) 
Dr.  Vernon  Luck 
Dr.  Herbert  Stier 
Dr.  Peter  Schwinn 
Dr.  David  Monsen 
Miss  Zenobia  Ho  I  brook 

Childrens  Hospital,  Los  Angeles  (Sub-contract  of  NCI 
Contract  PH43-64-94  1) 

Dr.  Robert  McA I  I ister 

Dr.  Denman  Hammond 

Dr.  Harry  Wright 

Miss  Jean  Fi Ibert 

use  Medical  School,  Los  Angeles  (Sub-contract  of  NCI 
Contract  PH43-64-94I) 

Dr.  Murray  Gardner 

Dr.  Clayton  Loos  I i 

Dr.  Barnard  Hanes 

Dr.  Hugh  Edmondson 

Dr.  Bernard  Portnoy 

Flow  Laboratories,  Inc.  (NCI  Contract  PH43-65-634B) 
Dr.  Raymond  Gi I  den 
Dr.  Jerome  Kern 
Mf.  Theodore  Beddow 
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Cooperating  Units:   Microbiological  Associates,  Inc.  (NIAID  Contract  PH43- 
(continued)      63-81,  currently  NCI  Pi-l43-68-706;  NIAID  Contract  PH43- 
62-200,  currently  NCI  PH43-68-705;  NCI  Contract  PH43- 
64-94  I  A) 

Dr.  Aaron  Freeman 
Dr .  John 9  Rh  im 
Dr.  Padman  Sarma 

Naval  Biological  Laboratory  (NCI  Contract  PH43-63-I3) 
Dr.  Alexis  Kniazeff 

Baylor  University 
Dr.  Joseph  Melnick 
Dr.  Fred  Rapp 

M.D.  Anderson  Hospital  (NCI  Contract  PH43-68-63I) 

George  Washington  University  (NCI  Contract  PH43-64-5I5) 
Dr.  Ar  iel  Ho  I  I  inshead 
Dr.  T.C.  A  I  ford 
Dr.  S.  Oroz I  an 

St.  Louis  University  (NCI  Contract  PH43-67-692) 
Dr.  Maur  ice  Green 
Dr.  K.  Fuginaga 
Miss  Magdalena  Pina 


Man  Years:           NIAID  Other  NIH  Guest 

Lab.  Staff  Personnel  Workers  TOTAL 

Total:             60/12        24/12  6/12  90/12 

Professional:        8/12        4/12  6/12  18/12 

Other:             52/12        20/12  -  72/12 


Project  Descr  iption 

Ob  iect  ives:   To  conceive  and  coordinate  comprehensive  intramural  and  collabor- 
ative research  aimed  at  the  development  of  field  programs  designed  to  find 
answers  to  the  following  questions: 

1.  Are  representatives  of  the  30  DNA  viruses  (adenoviruses,  papovav iruses ) 
which  induce  cancer  in  experimental  animals  also  respoinsible  for  solid 

tumors? 

2.  Are  "C"  type  RNA  viruses,  similar  to  those  known  to  cause  leukemias  and 
solid  tumors  in  chickens,  mice,  other  rodents,  cats  and  dogs,  causes  of  the 
very  similar  cancers  which  occur  in  man? 
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3.  Are  any  of  the  animal  viruses  known  to  cause  cancer  transnniss i b I e  to  man 
and/or  ep idemiological ly  associated  with  the  incidence  of  human  cancer? 

4.  Are  low  but  long  term  exposures  to  known  chemical  and  physical  oncogens 
responsible  for  the  significantly  higher  rates  of  cancer  reported  everywhere 
in  densely  populated  metropolitan  areas?   It  should  be  pointed  out  that 
virus  infections  and  environmental  carcinogens  are  known  to  be  much  more 
prevalent  in  urban  than  in  rural  environments;  and  there  are  available  for 
study  urban  ecologies  wherein  environmental  contaminations  with  known 
carcinogens  exist  in  extraordinary  amounts. 

Methods  Employed:   In  the  search  for  evidence  of  DNA  virus  genes-  in  human 
cancer .  two  highly  correlated  technical  approaches  were  believed  ready  for 
application  to  the  human  cancer  problem:   serological  tests  for  detecting 
adenovirus  specific  T  or  tumor  antigens  (see  Serial  No.  68  D);  and  biochemical 
tests  for  demonstrating  adenovirus  specific  mRNA  (see  Contract  Narrative, 
St.  Louis  University  PI-143-67-692) .   Similar  procedures  were  also  developed 
for  DNA  tumor  viruses  other  than  adenoviruses,  including  SV40  and  polyoma 
viruses. 

Two  options  were  available:   ( I )  to  test  for  adenovirus  specific  T  or  tumor 
antigens  in  human  tumor  cells  by  complement  fixation  and/or  fluorescent  anti- 
body tests;  and   (2)  to  test  the  sera  of  cancer  patients  for  specific  anti- 
bodies to  T  or  tumor  antigens  representative  of  the  three  groups  of  oncogenic 
adenoviruses.   Since  production  of  purified  T  and  tumor  antigen  had  been 
achieved  in  several  of  the  research  contract  laboratories,  approach  #2  was 
selected  to  be  carried  out  in  the  shortest  possible  time. 

The  complement  fixing  non-virion  T  and  tumor  antigens  representative  of  the 
12  oncogenic  adenoviruses  which  cause  tumors  in  hamsters  (groups  A  and  B), 
or  transform  rat  cells  (group  C)  were  produced  in  quantity  by  Drs.  Gilden  and 
Kern  (Flow  Laboratories,  Contract  PH43-65-634B);  by  Dr.  Klaus  Schel I  (Micro- 
biological Associates,  Contract  PH43-62-200  and  Contract  PH43-64-94 I ) ;  by 
Dr.  Ariel  Hollinshead  of  George  Washington  University  (Contract  PH43-65-5 15 ) ; 
and  by  Drs.  Herbert  Rapp  and  Berton  Zbar  of  NCI. 

Purified  adenovirus  virion  antigens  were  furnished  by  Dr.  Maurice  Green 
(St.  Louis  University  Contract  PH43-67-692) . 

Detection  of  "C"  type  RNA  viruses  and  viral  genomes  in  human  solid  tumors . 
Unlike  the  DNA  viruses  described  above,  RNA  tumor  viruses  have  not  yet  been 
demonstrated  in  humans.   Thus  our  field  studies  of  this  group  of  viruses  are 
mainly  concerned  with   a)  the  acquisition  of  optimum  human  tumor  materials 
for  study  in  the  laboratory  and  b)  epidemiological  information  on  the  occui — 
rence  of  those  types  of  human  cancer  which  most  closely  correspond  to  the 
types  induced  in  chickens,  mice,  rats,  cats  and  dogs  by  "C"  type  RNA  viruses. 


Direct  attempts  to  isolate  human  sarcoma  virus.   The  recent  demonstration  that 
"C"  type  viruses  can  cause  various  histological  types  of  naturally  occurring 
avian  and  murine  sarcomas  suggests  that  the  direct  test  tube  methods  now 

'^*  • 
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available  (focus  formation  and  cell  transformation)  for  detecting  these 
viruses  should  be  used  in  extensive  and  systematic  attempts  to  find  a  human 
sarcoma  virus.   This  simple  direct  approach  is  important  because  it  has  not 
yet  been  tried  in  systematic  fashion,  nor  have  the  more  recent  sophisticated 
tools  and  observations  been  incorporated  in  such  studies. 

Tests  for  covert  human  leukemia  viruses.   Modifications  of  the  tissue  culture 
based  COFAL  and  COMuL  tests  for  isolation  of  avian  and  murine  leukemia  viruses 
are  now  being  applied  to  the  human  sarcomas  and  leukemias.   For  example,  only 
10  isolates  of  murine  leukemia  virus  had  been  made  (all  from  neoplasms)  prior 
to  1967;  during  1967,  using  the  COMuL  test,  we  isolated  hundreds  of  strains 
of  murine  leukemia  from  spontaneous  and  induced  neoplasms,  and  from  normal 
tissues  of  normal  mice  as  well.  Attempts  to  adapt  these  new  in  vitro  methods 
to  the  detection  of  human  leukemia  viruses  is  of  obvious  importance  since  it 
bypasses  the  need  for  human  volunteers  or  arjimal  inoculations. 

Attempts  to  rescue  a  defective  sarcoma  genome.   Since  human  tumors  have  gen- 
erally been  negative  for  virus  particles  visible  in  EM  and  have  also  failed 
to  yield  detectable  infectious  virus,  it  is  logical  to  assume  that  if  sarcomas 
are  caused  by  such  a  virus  it  is  most  likely  to  be  present  in  a  defective 
state  comparable  to  the  defective  avian  and  murine  sarcomas  RSV(O)  and  MSV(O). 
Consequently  the  methods  similar  to  those  used  for  rescue  of  RSV(O)  and  MSV(O) 
will  be  tried  with  human  sarcoma  cells. 

Use  of  combined  animal  and  in  vitro  techniques.   Both  avian  and  murine  sarcomas 
induce  virus  free  sarcomas  in  hamsters  and  rats;  yet  they  yield  virus  specific 
CF  antigens  and  antibodies  which  provided  the  basis  for  the  in  vitro  COFAL 
and  COMuL  tests  for  the  leukemia  viruses  in  these  classes  of  animals.  The 
possibility  that  human  sarcomas  may  also  contain  a  similar  antigen  must  be 
tested. 

Comb  ined  biochemical  and  biophysical  methods  for  detection  of  integrated  "C ' 
type  RNA  virus  genes  in  human  leukemia  and  sarcomas.   Recently  a  Viral  Carcin- 
ogenesis Branch  scientist  found  that  RNA  viruses  stimulate  DNA  synthesis  in 
infected  and  transformed  cells.  Others  have  shown  that  when  virus  induced 
but  virus  free  sarcomas  are  pulse  labeled  with  radioactive  materials  that  a 
virus  specific  RNA  can  be  separated  from  the  cellular  RNA,   These  procedures, 
combined  with  various  hybridization  and  homology  procedures  used  for  the 
DNA  virus  (see  above),  may  prove  important  for  identifying  a  leukemia-sarcoma 
virus  RNA  in  human  neoplasms. 

Field  studies  of  human  cancer  as  a  virus  disease.   Studies  of  the  behavior 
of  animal  cancer  viruses  in  model  systems  make  it  clear  that  conventional 
searches  for  conventional  manifestations  of  conventional  infectious  agents 
must  be  replaced  by  the  newer  concepts,  approaches,  and  laboratory  techniques 
described  above  if  one  hopes  to  mount  a  search  for  human  cancer  viruses. 
Similarly,  studies  of  the  natural  occurrence  of  virus-induced  tumors  in 
chickens  and  nice  suggest  that  the  new  laboratory  approaches  and  methods  must 
be  applied  in  our  projected  comprehensive  field  research  program  designed  not 
only  to  provide  large  numbers  of  well  defined  human  leukemias  and  sarcomas 
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for  laboratory  study,  but  designed  also  to  furnish  we II -control  led  epidemio- 
logical and  ecological  observations  on  the  occurrence  of  such  cancers.  Such 
a  study  program  is  imporrant  because  field  observations  not  only  supplement 
the  laboratory  effort  but  provide  reinforcement,  confirmation  and  occasionally 
redirection  of  the  I  after » 


Major  Findings;   Studies  of  RNA  viruses  in  relation  to  human  cancer  have 
reached  the  staging  level  in  FY  1967;  human  sarcoma  and  lymphomatous  materials 
were  collected  in  quantity  for  study  but  definitive  results  are  not  yet  avail- 
able.  (See  Project  Reports  68B  and  7ID). 

Serological  tests  of  human  cancer  patients  and  controls.  Twenty  or   more  sera 
representative  of  each  of  the  major  types  of  human  cancer,  and  comparable 
control  sera,  were  collected  under  Dr.  Robert  Depue's  (NCi)  supervision  at 
the  M.D.  Anderson  Hospital  on  Contract  PH43-68-63I;  thus  390  sera  were  finally 
made  available  for  complement  fixation  (CF)  and  fluorescent  antibody  (FA) 
tests  by  several  collaborating  groups. 

Dr.  Huebner's  group  tested  the  sera  by  CF  versus  T,  tumor  and  purified  viral 
antigens;  Drs.  Zbar  and  Rapp  (MCI)  tested  them  with  the  adenovirus  type  7 
antigen.  The  results  of  the  CF  tests  were  being  rechecked  by  Drs.  R.  Gildan 
and  J.  Kern  (Flow  Laboratories  Contract  PH43-65-634B) .   Using  the  FA  test, 
Drs.  Fred  Rapp  and  J.  Melni.ck  tested  the  390  sera  versus  T  antigens  produced 
under  the  cover  of  cytosine  arabinoside  in  monkey  kidney  ceils,  and  Drs.  John 
Riggs  and  Edwin  Lennette  tested  them  versus  tumor  antigens  present  in  hamster 
and  rat  tumors  induced  by  oncogenic  adenoviruses  representative  of  the  three 
oncogenic  groups  of  human  adenoviruses. 

The  results  on  the  390  sera  were  in  agreement  and  unequivocally  negative. 
Less  than  4^  of  all  the  sera  showed  reactions;  thus  there  was  complete  agree- 
ment that  96^  of  the  cancer  patients  and  controls  contained  no  antibodies  to 
the  virus  specific  T  and  virion  antigens  of  the  oncogenic  adenoviruses.  The 
few  positives  in  the  cancer  group  were  matched  by  equal  numbers  in  the  control 
group.  All  the  evidence  indicated  that  these  reactions  were  randomly  dis- 
tributed, nonspecific  cellular  isoantigens,  a  conclusion  supported  by  the 
almost  complete  lack  of  agreement  among  the  test  groups  concerning  the 
"positive"  specimens. 

Significance  to  Biomedical  Research  and  to  the  Program  of  the  Institute: 
A  we  I  I -control  I ed  large  scale  serological-epidemiological  study  has  shown  that 
human  cancer  patients  do  not  show  significant  antibody  responses  to  the  T  or 
tumor  antigens  representative  of  the  known  oncogenic  human  adenoviruses. 
Although  this  result  is  conclusive  with  respect  to  this  statement,  other  more 
sensitive  tests  must  still  be  utilized  in  similar  we  I  I -control  led  studies  in 
order  to  rule  adenoviruses  out  of  consideration  as  causes  of  human  cnacer. 
See  Objectives  and  Methods  for  significance  of  other  projects. 
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Proposed  Course  of  the  Project:   This  is  described  above. 
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Project  Description 

Ojectives:  The  primary  objective  of  the  VCB-LVD  studies  of  the  "C"  type 
RNA  viruses^  which  are  natural  causes  of  "solid  tumors"  as  well  as  of 
leukemias  in  mice  and  chickens^  is  to  further  develop  and  to  adapt  new  in 
vitro  tests  for  these  viruses  to  find  out  if  similar  neoplasms  of  man  and 
his  domestic  animals  are  also  caused  by  such  viruses. 

A  concerted  effort  to  study  viruses  in  relation  to  solid  tumors  in  the  human 
is  now  believed  feasible  because  the  application  in  FY  19^7  of  newer  in  vitro 
techniques  to  studies  of  the  natural  behavior  of  murine  leukemia- sarcoma 
viruses  in  natural  and  heterologous  hosts  have  led  to  entirely  new  concepts, 
new  approaches  concerning  modes  of  RNA  viral  carcinogenesis. 

The  newer  techniques  are  also  being  utilized  to  help  study  the  roles  of  "C" 
type  RNA  viruses  in  the  solid  tumors  and  leukemias  of  rats,  cats  and  dogs 
and  certain  common  avian  species  in  addition  to-  chickens. 

Cooperative  efforts  continued  with  the  Chemical  Carcinogenesis  Branch  of  NCI 
(Drs.  Falk  and  Igel)  to  determine  the  role  of  RNA  viruses  in  chemical  in- 
ductions of  cancer  and  leukemia  in  .laboratory  mice. 

Nfethods  Employed;  Most  of  our  efforts  in  FY  1963  were  focused  on  the  devel- 
opment of  comprehensive  collaborative  programs  tc  detei-mine  the  naturaJ. 
history  of  the  murine  leukemia- sarcoma  complex  viruses  and  the  extent  to 
which  natural  infection  is  expressed  as  clinical  leukemda,  sarcoma  or  other 
solid  tumors. 

The  techniques  used  were  the  in  vitro  procedures  developed  during  the  past 
2  years  by  Huebner,  Hartley  and  Rowe:  (l)  the  focus  forming  (FF)  test  for 
sarcoma  virus;  (2)  the  COMuL  test  for  the  leukemia  viruses;  (3)  the  tissue 
culture  test  for  neutiralizing  antibodies;  {k)  the  complement- fixation  (CF) 
test  for  virus  specific  gs  antigen;  (5)  induction  of  vims  free  sarcomas  in 
hamsters  and  rats  with  various  avian,  murine  and  human  sarcomas;  and  (6) 
the  genome  rescue  test  for  defective  sarcoma  virus. 

Several  laboratories  were  established  to  apply  these  laboratory  procedures 
to  field  studies  of  animals  carrying  naturally  occurring  solid  tumors  and 
also  in  tissues  of  normal  animals.  The  large  mouse  populations  (including 
geriatric  groups)  of  many  strains  were  placed  under  intensive  surveillance 
at  the  Jackson  Memorial  Laboratory  (NCI  Contract  PH43-67-7^^)  and  the 
Walkersville  facility  of  Microbiological  Associates,  Inc.  (NCI  Contract 
PH^3-67-697).  Tests  for  leukemia  and  sarcoma  viruses  in  tumor  and  normal 
tissues  were  carried  out  by  Dr.  Johng  Rhim,  Microbiological  Associates,  Inc. 
(NCI  Contract  PH43-63-705)  and  Dr.  Janet  Hartley  of  LVD,  NIAID.  Tests  for 
the  presence  and  prevalence  of  the  virus  specific  group  specific  (gs) 
antigens  of  the  murine  tumor  viruses  were  performed  by  Mr.  Turner  of  LVD. 
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Dr.  Gilden  and  his  associates  of  Flow  Laboratories  Inc.  (NCI  Contract  I 

PH43-67-I396),  with  Drs.  Rickard  of  Cornell  University  and  Brodey  of 

the  University  of  Pennsylvania  began  attempts  to  isolate  canine  sarcoma  and 

lymphoma  viruses  in  tissue  cultures.   Dr.  Sarma  of  MAI  (NCI  Contract 

PH^3- 64-91+1)  began  similar  efforts  to  establish  rat,  cat,  parakeet  and  quail 

leukemia  viruses  in  tissue  cultures. 

Major  Findings:   The  results  of  many  studies  carried  out  on  contracts  are 
described  separately  (see  contract  narratives). 

Prevalence  of  leukemia- sarcoma  "C"  type  viruses.   A  number  of  discoveries 
were  made  as  follows:  "C"  type  RNA  viruses  belonging  to  the  leukemia- sarcoma 
group  were  found  to  rank  among  the  most  prevalent  viruses  of  mice.   (See 
NCI/NIAID  Project  Report  71  D  and  contract  narratives  for  Jackson  Memorial 
Laboratories  and  Microbiological  Associates,  Inc.).    Several  hundred  wild 
strains  were  isolated  from  norinal  mice  as  well  as  tumored  mice.   All  wild 
strains  which  were  serotyped  belonged  to  the  Gross  (G+)  serological  group 
as  distinguished  from  the  Friend-Moloney-Rauscher  (FMR)  serological  group. 
Numerous  "high"  and  "low"  incidence  mouse  strains  yielded  "leukemia" 
viruses  of  the  same  serotype. 

The  properties  of  the  "C"  type  murine  viruses.   The  rnyxovirus-like  properties 
of  the  "C"  type  murine  leukemia- sarcoma  viruses  (MuLV  and  MSV)  were  confirmed. 
Like  their  avian  counterparts,  these  viruses  were  shown  to  have  an  internal 
soluble  protein  coat  best  characterized  as  the  group  specific  (gs)  complement   A 
fixing  antigen  common  to  all  of  the  known  "C"  type  RNA  viruses  of  the  mouse, 
and  an  outer  lipoprotein  envelope  best  characterized  as  the  type  specific 
envelope  antigen,  which  is  distinct  for  the  different  serotypes. 

The  gs  antigen  demonstrated  by  Geering  et  al.  to  be  released  from  the  virus 
particle  by  ether  treatment  was  shown  to  be  like  the  avian  gs  antigen  in  its 
sedimentation  properties;  i.e.,  much  lighter  than  the  virus  particle.   Since 
it  is  a  common  antigen  in  all  naturally  occurring  leukemia  and  sarcoma 
viruses,  it  provided  a  simple  antigenic  basis  for  the  wide  usefulness  of 
the  COMuL  test. 

Horizontal  spread  of  leukemia  virus.   (Airborne?)  At  the  Jackson  Memorial 
Laboratory,  100  leukemia  free  but  leukemia  susceptible  SWR  strain  mice  were 
exposed  to  possible  leukemia  virus  infection  at  6  months  of  age  by  placing 
the  SWR  mice  in  open  cages  adjacent  to  cages  containing  naturally  infected 
AKR  and  C58  mice  of  the  same  age.   Between  kO   to  100  days  later,  h   of  the 
SWR  mice  developed  leukemia  and  their  spleens  and  lymph  nodes  were  shown 
to  contain  the  virus  specific  gs  antigen.   Leukemia  had  not  previously  been 
found  at  Jackson  Laboratories  in  I5OO  iMR   mice  observed  intensively  until 
death.   Similarly,  a  number  of  C57B1  six-month  old  mice,  following  the  same 
exposure,  developed  CF  antigen  in  their  spleens,  an  observation  not  made 
previously  in  the  normal  mice  of  this  strain.   Since  none  of  the  mice  were 
able  to  make  intimate  physical  contact,  the  apparent  spread  of  leukemia  is 
presumed  to  have  been  airborne.   Since  Dr.  Hellman  and  his  collaborators  at 
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Ohio  State  have  demonstrated  airborne  infection  of  mice  by  aerosolized 
Rauscher  virus,  and  we  (Annual  Report  FY  196?)  demonstrated  MSV  and  MuLV 
in  urine,  saliva  and  feces  of  infected  mice,  horizontal  airborne  spread 
would  not  seem  unliicely. 

Naturally  occurring  MSV  virus  -  nondefective  (competent)  MSV.   The  original 
Moloney  and  Harvey  sarcoma  viruses  (M-MSV  and  H-MSV)  were  shown  by  Hartley, 
Rowe  and  Huebner  to  also  contain  excess  amounts  of  nonsarcomatous  leukemi'.a 
virus.   The  M-MSV  often  required  a  2-hit  mechanism  for  replication.   Recently 
we  studied  the  FBJ  "virus"--an  osteosarcoma  inducing  virus-- isolated  by 
Dr.  Miriam  Finkel  of  the  Argonne  National  Laboratory  in  I965  from  a  bone  tu;7.or 
which  occurred  spontaneously  in  a  CFl  mouse.   We  have  confirmed  Finkel ' s 
observations  and  extended  them  by  concentrating  and  purifying  virus  so  that 
it  now  produces  bone  sarcomas  locally  within  a  fevr  days  after  intrainuscular 
injection  of  newborn  CFl  and  NIH  Swiss  mice. 

We  have  shown  that  the  FBJ  sarcoira  virus  is  serologically  identical  and  in 
other  ways  similar  to  "C"  type  mouse  leukemia  virus  which  we  have  found  to 
be  highly  prevalent  in  normal  CFl  mice.   The  naturally  occurring  FBJ  osteo- 
sarcoma virus,  like  the  avian  osteosarcoma  and  fibrosarcoma  virus  described 
by  Rous  (1911-191^),  suggests  that  osteosarcona  and  related  muscle  and 
fibrous  tissue  sarcomas  can  occur  independently  as  competent  viruses  which 
is  important  because  it  suggests  that  direct  attempts  to  isolate  such 
viruses  in  the  newly  developed  _in  vitro  tissue  culture  systems  should  be 
tried. 

Studies  of  "hidden"  RNA  vir\is  genom.es  in  spontaneous  and  chemically  induced 
murine  cancer;  "switch  on,  switch  off"  m.echan:sm.   The  discovery  that  avian 
sarcoma  vimses  were  frequently  defective,  being  incapable  of  replicating 
in  the  sarcoma  cell  and  requiring  a  competent  leukemia  virus  helper  for 
infectiousness,  provided  a  wholly  new  and  unique  view  of  the  avian  tumor 
viruses.   When  the  Moloney  sarcoma  virus  vras  also  shovrn  by  LVD  scientists 
to  be  partially  defective  in  induced  sarcomas  of  the  mouse  and  the  rat,  and 
completely  defective  in  sarcomas  induced  in  hamsters,  and  that  this  lost 
infectiousness  could  be  restored  by  a  competent  mouse  leukemia  virus,  it 
became  obvious  that  the  MSV  viruses  were  pathogenic  mutants  of  leukemia 
viruses  which  were  able  to  cause  tumors  in  the  absence  of  demonstrable 
replication  of  infectious  virus. 

Recently  Drs.  Hartley,  Igel  and  Huebner,  using  new  techniques,  dem.onstrated 
that  m.ost  of  such  lymphomas  have  a  "C"  type  virus  containing  rhe  gs  antigen 
of  the  murine  leukemias. 

Also,  in  a  long  term  collaborative  study  using  the  COMuL  test,  it  was  found 
that  leukemia  virus  could  be  isolated  in  NIH  Swiss  cells,  but  not  in  BALB/c 
cells,  from  spleens  of  normal  BALB/c  mice.   Virus  was  isolated  with  increasing 
frequency  with  age,  approaching  30^  at  20  months.   However,  when  the  EALB/c ' s 
developed  leukemias  and  tumors  late  in  life,  viruses  could  no  longer  be 
isolated  in  NIH  cells,  but  were  readily  isolated  in  BALB/c  cells.   Large 
numbers  of  isolation  attempts  have  followed  this  paradoxical  pattern, 
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suggesting  that  vhile  virus  is  frequently  present,  it  is  "switched  off" 
with  respect  to  the  host  {BAIBJc.)   cells;  when  viewed  in  perspective  perhaps 
a  quite  logical  biological  arrangement  for  a  piarasite  to  have  with  its  host. 
Thus  in  the  BALB/c  cell  the  virus  is  a  "switched  off"  MuLV(C)  corresponding 
perhaps  to  the  MSV(O)  described  by  Ting;  however  for  other  mouse  cells  (NIH 
Swiss)  it  is  "switched  on"  MuLV(+).   However,  when  leukemia  or  solid  tumors 
develop  in  the  EALB/c  mouse,  the  viruses  isolated  are  now  MuLV(+)  for 
BALB/c  cells  and  MuLV(O)  for  NIH  -  thus  jndicating  a  remarkable  change  in 
the  indigenous  BALB/c  vinas  which  takes  place  rather  siiddenly  after  oncogenic 
transformation  occurs.   This  arrangement  may  be  critical  with  respect  to 
survival  of  the  BALE/c  strain  and  its  leukemia  virus  as  well;  and  is 
enorraously  interesting  from  a  molecular  biology  point  of  view. 

Another  example  of  the  "switched  off  -  switched  on"  pattern  is  seen  in  the 
C57B1  mJ.ce,  which  yield  no  evidence  of  infectious  virus  or  of  gs  antigen  in 
their  tissues  as  long  as  they  remain  normal;  however,  after  spontaneous 
tu:r.ors  occur  or  when  tumors  are  induced  by  irradiation  or  chemicals, 
infectious  virus  can  frequently  be  demonstrated  in  vivo,  as  reported  by 
Kaplan;  and  in  the  COI^aL  test  using  a  continuous  line  of  C57B1  embryo  cells, 
as  reported  recently  by  Igel  and  Huetner  (in  preparation).   Although  the 
amount  of  infectious  virus  demonstrated  is  very  low  in  quantity,  the  tumor 
and  splenic  tissues  often  contain  large  amounts  of  gs  antigen.   The  sudden 
"switching  on"  of  demonstrable  infectious  virus  at  the  time  of  spontaneous  ' 
or  chemically  induced  tumors  suggests  that  the  tuirared  mice  contained  a 
"switched  off"  r'luLV(O)  prior  to  tumorigenesis. 

Studies  of  avian  and  murine  sarcorra  viruses.   Pseudotype  MSV '  s .   Approximate- 
ly 30   pseudotype  mouse  carccma  vir-ases  (MSV's)  have  been  produced  by  using 
newly  isolated  vrild  strains  of  mouse  leukemia  viruses  as  helpers  for  the 
defective  MSV  haji-.ster  genome  (Huebner,  19^-6) .   These  viruses  all  induce 
almost  identical  fibrosarcomas  in  mice,  showing  that  their  pathogenic  be- 
havior is  sarcoira.  genome  dependent.   However,  their  serological  specificity 
and  host- cell  range  in   vivo  and  _in  vitro  are  determined  by  the  leukemia  virus 
envelope.   Thus  MSV's  have  been  produced  which  have  broad  and  narrow  host 
ranges;  some  go  only  in  one  strain  of  mouse,  others  in  many  strains.   These 
observations  on  jiouse  sareonia  which  follow  the  same  patterns  observed  for 
avian  sarcoma  are  important  because  they  increase  significantly  the  possible 
pathogenic  options  available  to  the  "C"  type  leukemia- sarcoma  particles. 

Dem.onstration  of  a  "C"  type  virus  in  a  rat  tUxT.or  (Novikoff  ascites ) .   In 
ly67,  in  collaboration  with  Dr.  Sarma  (MAI  NCI  Contract  9^+1),  Drs.  Huebner 
and  Hartley  initiated  a  systematic  study  of  rats  in  an  effort  to  detect 
either  fully  infectious  MuLV(+)  or,  as  seemed  more  likely,  a  silent  MuLV(O) 
or  MSV(O)  viral  genom.e. 

Recently  it  was  noted  in  Dr.  Robert  McAllister's  group  (Childrens  Hospital 
of  Los  Angeles)  that  the  Novikoff  ascites  rat  tumor  contained  numerous  "C" 
type  particles.   This  tumor  we  found  contained  a  CF  antigen  which  reacted 
with  a  rat  antisera  having  antibody  to  the  Rauscher  leukemia  virus.   However, 
there  was  no  reaction  with  antisera  prepared  against  the  gs  mouse  antigen 
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found  in  the  Rauscher  and  all  other  inurine  leukemia  and  sarcoma  viruses. 
Subsequent  studies  show  that  rats  carrying  the  Kirsten  and  Novikoff  tumors 
develop  antjtodies  to  Kirsten  and  Novikoff  rat  cell  preparations  "but  do  not 
react  well  with  the  gs  antigen  of  niurine  leukemia  viruses.   This  suggests 
that  the  "C"  type  particle  in  the  Novikoff  rat  tumor  and  perhaps  also  in 
the  Kirsten  rat  sarcoma  virus  is  a  murine  "C"  type  vims  distinct  from  the 
mouse  viruses. 

Cooperative  studies  of  virus-chemical  carcinogenesis  in  the  mouse.   In 
previous  studies  of  chemically  induced  tumors  in  C5TB1  mice  we  failed  to 
find  evidence  of  lairlne  leukemia- sarcoma,  virus  activity.   However  in  FY  1963, 
utilizing  the  modifications  of  the  COMuL  test  and  direct  tests  for  the  virus 
specific  gs  antigen  of  the  leukemia- sarcoma  virus,  we  succeeded  in  finding 
clearcut  evidence  for  the  presence  of  the  C57B1  Kaplan  leukemia  type  virus 
in  virtually  all  such  tumors.   These  observations,  plus  similar  ones  on 
other  chemically  induced  tumors,  are  important  because  they  raise  questions 
concerning  fundamental  mechanisms  of  chemical  carcinogenesis.   The  following 
question  must  be  answered:  do  chemicals  release  or  de-repress  a  neoplastic 
cell  gene  or  do  they  release  a  hidden  "C"  type  virus  gene? 

Significance  to  Biomedical  Research  and  to  the  PrograiTi  of  the  Institute: 
The  newer  isolations  described  above  make  It  clear  that  the  behavior  patterns 
of  the  "C"  type  RNA  viruses  are  almost  identical  in  the  classes  of  animals 
most  studied  for  these  agents.   These  viruses  are  extremely  prevalent,  and 
although  frequently  not  expressed  as  frank  cancer  leukemia,  they  are  present 
sufficiently  often  to  account  for  rrany,  if  not  most,  cancers  as  well  as 
leukemias  in  these  animals.   Should  our  field  studies  indicate  that  such 
viruses  serve  as  the  primary  etiology  for  solid  tumors  as  well  as  leukemia 
in  the  animals  under  study,  similar  viruses  would  have  to  be  considered  in 
the  etiologj'-  of  solid  tumors  in  the  human. 

Proposed  Course :   The  observations  described  suggest  progressive  adaptations 
of  the  new  _in  vitro  techniques  to  the  solid  cancer  and  leukemia  problems  of 
larger  animals  including  man.   Just  as  in  our  previous  studies  of  avian  and 
murine  cancers,  we  plaji  to  explore  the  role  of  naturally  occuring  "C"  type 
RNA  viruses  in  naturally  occurring  cancers  in  these  "higher"  species. 

Since  the  question  concerning  "which  gene"  (cell  or  viral)  is  released  by 
chemical  carcinogenesis  can  probably  be  answered  in  viirus  defined  mouse 
systems,  efforts  to  find  this  answer  will  be  given  high  priority  during  the 
next  fiscal  year. 
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Honors  and  Awards; 

Member,  Board  of  Scientific  Advisors,  Jane  Coffin  Childs  Memorial  Fund  for 
Medical  Research.   (Yale  University,  New  Haven,  Conn. ) 

Howard  Taylor  Ricketts  Award  for  I968,  for  outstanding  contributions  to 
medicine.   (University  of  Chicago,  May  1968). 

Guiteras  Lecturer,  63rd  Annual  Meeting,  American  Urological  Association,  Inc. 
(Miami  Beach,  May  I968).   Presentation:   Cancer  viewed  as  an  infectious 
(viral)  disease.  Recent  observations  on  human  viruses  that  cause  cancer  in 
animals  and  on  animal  viruses  that  cause  leukemia  and  sarcomas  in  their 
natural  host. 

Publications: 

Hartley,  J.V/.,  Rowe,  VJ.P. ,  Capps,  W.I.,  and  Huebner,  R.J.  :  Isolation  of 
naturally  occurring  viruses  of  the  murine  leukemia  virus  group  in  tissue 
culture.   In  press. 

Huebner,  R.J. :   In  vitro  methods  for  detection  and  assay  of  leukemia  viruses. 
In:   Carcinogenesis:  A  Broad  Critique.  Baltimore,  Willisims  &  Wilkins  Co., 
I96T ,  pp. 23-47. 

Huebner,  R.J. :  The  murine  leukemia- sarcoma  virus  complex.  Symposium  on 
RNA  viruses  and  neoplasia.  Proc.  Nat.  Acad.  Sci.  58:  835-8^+2,  I967. 

Huebner,  R. J. :   Antigens  of  the  leukemia- sarcoma  virus  complexes.   In: 
Proceedings  of  Perspectives  in  Leukemia,  New  Orleans.   Grune  &  Stratton, 
New  York,  I968,  pp. 123-132. 

Rhim,  J.S.,  Williams,  L.B.,  Jr.,  Huebner,  R.J.,  and  Turner,  H.C.:  Concen- 
tration by  Diaflo  ultrafiltration  of  murine  leukemia  and  sarcoina  viruses 
grown  in  tissue  cultures.   Science,  in  press. 

Sarma,  P.S.,  Cheong,  M.  ,  Hartley,  J.W. ,  and  Huebner,  R.J. :   A  viral  inter- 
ference test  for  nouse  leukemia  viruses.   Virology  33:  l80-l84,  1967- 

Invited  Addresses: 

Los  Angeles  Chapter,  V/estern  Orthopaedic  Association,  Los  Angeles,  California. 

Seminar,  Sloan-Kettering  Research  Institute:  "Evidence  for  presence  of 
leukemia- sarcoma  virus  genome  in  solid  tumors  of  the  rodents." 

Presented  paper,  95th  Annual  Meeting  of  the  American  Public  Health  Association, 
Inc.,  Mianii  Beach,  Florida:   "Immunology  of  Diseases  in  Public  Health." 
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Invited  speaker,  Alpha  Omega  Alpha,  College  of  Physicians  &  Surgeons  of 
Columbia  University,  New  York:   "Studies  of  Viruses  as  Causes  of  Leui^emla 
and  Cancer. " 

Lecture,  Georgetovm  University  Medical  School,  Washington,  D.C. :   "New 
Developments  in  Cancer- Virus  Research. " 

Presented  paper,  U5th  Annual  Meeting,  American  Epidemiological  Society, 
Airlie  House,  Warrenton,  Virginia:  "Newer  Observations  in  Cancer  Viruses 
and  Newer  Approaches  to  Studies  of  Human  Leukemia  and  Cancer. " 

Presented  paper.  Annual  Meeting,  American  Academj'  of  Allergy,  Boston,  Mast 
"Virus- Induced  Changes  in  Cells." 
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I  .      V  iral    Oncology 

2.  Viral  Diseases 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  I,  1967  through  June  30,  1968 

Project  Title:   Immunologic  and  Other  Studies  of  Animal  Leukemia  Viruses. 

Previous  Serial  Number:   SAME 

Principal  Investigator:   Dr.  M.K.  Cook 

Other  Investigators:   Dr.  R,J.  Huebner,  Miss  Aurella  Grochal  (NCI) 

Cooperating  Units:   Mr.  William  Jahnes  (D3S);  Division  of  Research  Services, 

L.A.;  Dr.  B.  Burmester,  Dr.  F.  Siccardi  and  Dr.  R.  Witter, 
Regional  Poultry  Lab.,  USDA,  East  Lansing,  Mich.; 
Dr.  F.  Wills,  Univ.  of  Md.;  Dr.  R.  Bankowski,  Univ.  of 
California  at  Davis. 


Man  Years; 


NIAID       Other  NIH 
Lab.  Staff    Personnel    Workers     TOTAL 


Total:  12/12         12/12        0        24/12 

Professional:       12/ 12  0         12/12 

Other:  0  12/12        0         12/12 


Project  Description: 

Ob  iectives:   Study  of  the  biology  and  natural  history  of  Type  i  (RIF-type) 
and  Type  III  (RE-type)  avian  leukosis  viruses  and  agents  associated  with 
Marek's  disease. 

Methods  Employed:   Immunofluorescence,  complement-fixation,  immunoel ectro- 
phoresis,  agar-gel  diffusion  techniques,  and  neutralization  tests  are  em- 
ployed to  define  similarities  and  differences  in  the  antigenic  components 
of  avian  leukosis  viruses.   Column  chromatography,  electrophoresis,  and 
sedimentation  gradients  were  used  to  concentrate  and  partially  purify  these 
antigens.   Tissue  culture  systems  and  standard  animal  inoculation  procedures 
were  employed. 

Major  Findings:   An  ether-chloroform  sensitive  COFAL  negative,  RIF  negative, 
lUDR  resistant  filterable  virus,  80  mu  in  size,  was  found  associated  with 
chick  embryo  fibroblast  tissue  culture  filtrates  which  produced  Marek's 
disease  in  chickens.   This  virus  (CSV)  produced  a  syncytial  type  cytopathic 
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effect  in  tissue  cultures.   Fluorescent  antibody  and  neutralizing  antibody 
to  the  agent  were  found  in  the  sera  of  experimentally  infected  birds  55  days 
after  inoculation.   The  possibility  of  the  presence  of  other  undemonstrated 
agents  in  the  chick  embryo  fibroblast  material  and  the  limited  number  of 
animal  experiments  are  recognized  but  present  data  suggest  an  association  of 
CSV  and  Marek's  disease.  These  experimenta  represent  the  first  production 
of  Marek's  disease  with  450  mu  filtrates  of  chick  embryo  fibroblast  material. 

CSV  has  been  isolated  from  two  field  outbreaks  of  Marek's  disease  on  the 
Eastern  Shore  of  Maryland. 

The  JM  strain  of  Marek's  disease  has  been  established  in  chick  embryo  fibro- 
blasts. A  "round-cell"  cytopathic  effect  was  produced  in  12-15  days  after 
the  initial  inoculation.   By  the  second  passage,  round-cell  degeneration 
was  noted  as  early  as  the  fourth  day  after  inoculation  of  tissue  culture 
cells  and  supernatant  fluid.  Syncytial  changes  also  were  observed  at  this 
passage  level.   Passage  of  the  JM  agent  has  not  been  accomplished  i^^ithout 
the  use  of  viable  injected  cells. 

Further  serologic  surveys  for  RE  virus,  strain  T,  have  revealed  the  presence 
of  "T"  virus  antibody  in  chicken  flocks  on  the  Eastern  Shore  of  Maryland 
A  possible  antigenic  relationship  between  the  RE  virus  and  CSV  was  suggested 
because  fluorescent  antibody  for  CSV  was  found  in  55  percent  of  the  birds 
with  RE  antibody.   Fluorescent  antibody  for  CSV  had  not  been  found  in  the 
absence  of  RE  antibody. 

The  inhibition  of  Group  (RIF-type)  avian  leukosis  by  Group  III  (T-type  avian 
leukosis)  could  not  be  traced  to  interferon  production  by  the  "T"  virus. 

The  incidence  of  Group  I  (both  A  and  3  types)  antibody  in  flocks  maintained 
at  one  farm  on  the  Eastern  Shore  of  Maryland  has  shown  a  marked  decrease  in 
the  past  18  months  (from  55^  to  6%   antibody  reaction). 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   Avian 
leukosis  viruses  offer  a  model  for  the  development  of  tools  for  the  study  of 
tumor  viruses  in  other  animals  and  man.   They  aid  also  in  defining  the 
natural  history  of  oncogenesis.  Marek's  disease  is  a  common  lymphoprol i f ei — 
ative  disease  affecting  the  central  nervous  system  and  peripheral  nerves  and 
occasionally  other  organs  of  the  domestic  chicken.   It  is  very  widespread  in 
the  United  States  and  the  incidence  of  the  disease  has  increased  sharply  in 
the  past  five  years.  Marek's  disease  agent (s)  may  contaminate  viral  vaccines 
prepared  in  chick  embryo  systems.  The  effect  of  such  contamination  is  not 
known.   Furthermore,  methods  for  the  detection  of  the  agent  are  not  defined. 
Identification  of  the  agent(s)  associated  with  Marek's  disease  and  methods 
for  their  detection  and  control  are  of  obvious  importance  to  vaccine  develop- 
ment programs  for  humans. 
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Proposed  Course  of  the  Pro  iect:   Further  studies  of  the  association  of  CSV, 
JM  virus  and  other  agents  isolated  from  Marek's  disease  will  be  made.   Tests 
to  isolate  and  identify  such  agents  will  be  developed. 

Attempts  will  be  made  to  clarify  the  natural  history  of  Group  I  and  Group  III 
avian  leukosis  infection  by  the  use  of  fluorescent  antibody  techniques  to 
demonstrate  virus  and  antibody  in  leukemic  flocks. 


Invited  Addresses: 


Avian  leukosis  RIF-free  vaccine  working  conference,  sponsored  by  U.S.D.A., 
Vet.  Biologic  Division,  ARS . 

Conference  on  Marek's  disease,  U.S.D.A.,  East  Lansing,  Michigan. 


Pub  I  ications: 
None 
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I .   Vira I  Diseases 

2.  Respiratory   Virus 

3,  Betiiesda,    Maryland 


PHS-NIH 
Individual  Project  Report 
July  I,  1967  through  June  30,  1968 


Project  Title:   Study  of  Non-bacterial  respiratory  disease.   A)  Children 

Previous  Serial  Number:  SAME 

Principal  Investigator:  Dr.  Robert  M.  Chanock 

Other  Investigators:  Dr.  Albert  Z.  Kapikian 

Cooperating  Units:       Dr.  R.  H.  Parrott,  Children's  Hospital  Research 

Foundation,  Washington,  D.  C;  II  WHO  Reference 
Laboratories  in  various  tropical  and  semi-tropical 
countr  ies. 


Man  Years; 


NIAID 
Lab.  Staff 


Other  NIH 
Personnel 


Guest 
Workers 


Total:  17/12 

Professional:  13/12 

Other:  4/12 

Project  Description: 


TOTAL 

17/12 
13/12 
4/12 


Object  i ves :   (I)   To  search  for  new  agents  responsible  for  respiratory  di- 
sease of  infancy  and  childhood.   (2)   To  delineate  the  epidemiology  and 
pathogenesis  of  viruses  which  recently  have  been  associated  with  respira- 
tory disease.   (3)   To  continue  the  surveillance  of  viruses  previously  es- 
tablished as  playing  a  role  in  respiratory  disease,  i.e.,  the  epidemiology 
and  contribution  to  overall  respiratory  disease  experience  during  infancy 
and  childhood.   (6)   To  evaluate  experimental  vaccines  for  safety,  anti- 
genicity, and  effectiveness  against  naturally  occurring  respiratory  tract 
d  isease. 

Methods  Employed:   Infants  and  children  with  respiratory  disease  and 
suitable  control  subjects  without  such  disease  are  studied  at  the  Children's 
Hospital,  District  of  Columbia.   The  main  emphasis  is  on  the  use  of  var- 
ious tissue  culture  systems  and  artificial  media  for  the  recovery  of  viruses 
and  mycoplasmas.   All  specimens  from  the  patient  are  inoculated  directly 
into  tissue  cultures  and  onto  mycoplasma  media  without  prior  freezing  and 
thawing  if  feasible. 
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After  the  various  agents  have  been  identified,  their  contribution  to 
the  different  respiratory  disease  syndromes  is  estimated  by  comparing  the 
recovery  rate  from  such  groups  with  that  observed  for  healthy  children 
free  of  respiratory  symptoms.   In  addition,  children  with  severe  respira- 
tory disease  admitted  to  the  hospital  as  well  as  comparable  control  subjects, 
are  studied  serologically  for  evidence  of  infection  with  the  known  respira- 
tory viruses  and  mycoplasma  as  well  as  any  new  agents  which  might  emerge 
as  potentially  important  pathogens  during  the  course  of  the  study.   In- 
activated viral  vaccines  are  studied  for  reactivity,  antigenicity  and 
protective  effect  by  comparing  the  response  of  vaccinees  to  that  of  appro- 
priate controls.   In  each  instance  parental  approval  is  obtained  before 
vaccine  is  given. 

Ma  jor  Find  inqs :   Immunological  factors  in  pathogenesis  of  RS  virus  disease. 
During  the  12  years  since  we  recovered  the  first  RS  virus  isolate  from  man 
three  properties  of  this  agent  have  clearly  emerged.   First,  the  virus  is 
the  major  respiratory  tract  pathogen  of  early  life.   Second,  the  agent 
causes  a  large  epidemic  in  Washington,  D.  C,  every  year.   Third,  RS  virus 
respiratory  tract  disease  has  a  most  unusual  age  distribution,  affecting 
primarily  young  infants.   The  last  attribute  was  emphasized  in  a  dramatic 
fashion  during  the  1965-66  and  1966-67  winter  seasons  when  RS  virus  lower 
respiratory  tract  disease,  severe  enough  to  warrant  admission  of  the  patient 
to  the  hospital,  occurred  most  often  in  infants  I  to  2  months  of  age — 
49^  of  hospital  admissions  for  RS  virus  disease  were  1-2  months  old.   Sixty- 
five  percent  of  RS  virus  disease  admissions  were  6  months  of  age  of  less. 

The  unusual  pattern  of  RS  virus  disease  does  not  appear  to  be  the 
result  of  antigenic  variation  of  the  virus.   We  have  defined  4  antigenic 
variants  of  RS  virus  which  can  be  distinguished  by  use  of  post  infection 
ferret  sera.   Fortunately  the  infant  responds  in  a  less  specific  manner 
than  does  the  ferret  since  plaque  neutralization  tests  performed  with  paired 
sera  of  infants  with  RS  virus  disease  indicated  that  these  patients  developed 
a  broad  serologic  response  to  the  4  antigenic  variants. 

Continuation  of  work  begun  last  year  has  confirmed  and  extended  the 
binding  that  almost  all  infants  possess  maternally  transmitted  neutralizing 
antibody  for  6  to  7  months.   Such  passively  acquired  antibody  decreases  in 
titer  by  approximately  two-fold  each  month.   Young  infants  who  develop  RS 
virus  lower  respiratory  tract  disease  do  not  constitute  a  special  group  in 
which  serum  antibody  is  absent;  such  patients  possess  moderate  to  high 
levels  of  neutralizing  antibody  of  maternal  origin  at  the  time  of  admission 
to  the  hospital.   Despite  this  antibody  these  infants  develop  serious  di- 
sease.  The  pattern  of  antibody  in  patients  acute  phase  sera  resembles  that 
of  the  normal  infants;  an  inverse  relationship  is  seen  between  titer  and 
the  patients  age.   This  pattern  together  with  the  age  distribution  of  disease 
means  that  illness  occurs  most  often  in  infants  who  possess  the  highest 
serum  antibody  levels. 

Thus,  it  is  clear  that  serum  neutralizing  antibody  per  se  does  not 
provide  effective  protection  against  lower  respiratory  tract  disease  caused 
by  RS  virus.   The  observations  just  described  are  consistent  with  hypothesis 
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that  serum  antibody  may  actually  play  a  role  in  the  genesis  of  lung  injury 
during  RS  virus  infection. 

Recent  experience  with  an  inactivated  RS  virus  vaccine  has  provided 
additional  evidence  that  immunologic  factors  play  an  important  role  in 
the  pathogenesis  of  RS  virus  disease.   A  100  times  concentrated  inactivated 
vervet  monkey  kidney  tissue  culture  grown  RS  virus  vaccine,  which  was  highly 
antigenic,  was  given  to  a  group  of  normal  infants,  2  to  7  months  of  age. 
A  comparable  group,  similar  in  age,  race,  socioeconomic  status,  etc.  was 
given  a  100  times  concentrated  inactivated  parainfluenza  type  I  virus  vac- 
cine (prepared  in  vervet  kidney  tissue  culture)  or  an  egg  grown  trivalent 
inactivated  parainfluenza  virus  vaccine.   Although  the  RS  vaccine  was 
highly  antigenic, it  failed  to  provide  protection  against  RS  virus  infection. 
Seventy-four  percent  of  RS  vaccinees  were  infected  with  RS  virus  during 
the  1965-66  and  1966-67  epidemics  while  52^  of  parainfluenza  vaccinees 
were  infected  with  the  virus.   Completely  unexpected  was  the  response  of 
RS  vaccinees  to  RS  virus  infection;  80^  of  infected  RS  vaccinees  required 
hospitalization  for  a  lower  respiratory  tract  illness,  whereas  only  5% 
of  the  infected  parainfluenza  vaccinees  were  ill  enough  to  require  admis- 
sion to  the  hospital.   In  addition,  the  severity  of  illness  in  the  RS 
vaccinees  was  greater  than  in  the  parainfluenza  vaccinees  or  in  unvaccinated 
infants  and  children  who  were  admitted  to  the  hospital  during  the  community- 
wide  outbreaks  of  RS  virus  infection.   It  is  unlikely  that  monkey  kidney 
antigens  were  responsible  for  the  induction  of  altered  reactivity  to  RS 
virus  infection  since  the  parainfluenza  type  I  virus  vaccine  was  prepared 
in  vervet  monkey  kidney  tissue  culture  in  a  manner  virtually  identical  to 
that  of  the  RS  vaccine  and  parainfluenza  vaccinees  did  not  respond  to  RS 
virus  infection  in  an  exaggerated  manner.  Rather,  it  appears  that  a  com- 
ponent of  RS  virus  itself,  and  not  a  tissue  culture  host  cell  antigen,  was 
responsible  for  the  RS  vaccine  effect. 

Since  the  clinical  manifestations  of  altered  reactivity  in  RS  vac- 
cinees and  unmodified  disease  in  young  infants  are  similar,  it  is  possible 
that  both  conditions  share  a  common  mechanism.   A  feature  common  to  both 
conditions  is  the  presence  of  moderate  to  high  levels  of  serum  neutralizing 
antibody  at  the  time  of  RS  virus  infection,  which  suggests  that  pulmonary 
damage  in  both  instances  results  from  the  interaction  of  serum  antibody 
and  RS  virus  antigen  in  the  lungs  of  individuals  who  lack  respiratory 
tract  secretory  antibody  or  who  possess  a  low  level  of  such  antibody.   Sup- 
port for  this  unitary  hypothesis  comes  from  the  RS  vaccine  experience  at 
Junior  Village  where  altered  reactivity  to  RS  virus  infection  among  RS 
vaccinees  was  limited  almost  exclusively  to  the  youngest  vaccinees,  who 
were  nevertheless  beyond  the  age  at  which  RS  virus  bronchiolitis  or  pneu- 
monia usually  occurs.   The  youngest  vaccinees  had  the  least  prior  exper- 
ience with  RS  virus  infection  and  presumably  they  possessed  the  least 
amount  of  local  secretory  antibody.   By  stimulating  serum  antibody  in 
these  individuals  the  inactivated  vaccine  may  well  have  created  an  im- 
balance of  serum  and  local  respiratory  tract  antibodies  which  resembled 
that  seen  in  the  infant  below  6  months  of  age. 
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Respiratory  tract  secretory  antibody.   Because  of  the  importance  of 
respiratory  tract  secretory  antibody  in  resistance  to  type  I  parainfluenza 
virus  infection  in  adults,  an  attempt  was  made  to  study  this  antibody  in 
primary  RS  or  parainfluenza  type  I  virus  illness.   Four  of  12  patients 
infected  with  parainfluenza  type  I  virus  and  3  of  8  individuals  infected 
with  RS  virus  developed  secretory  neutralizing  antibody  during  convales- 
cence. 

Significance  of  the  Program  to  the  Institute:  Respiratory  disease  is  the 
most  common  infectious  ailment  of  man.   This  is  particularly  true  during 
infancy  and  early  childhood,  when  such  disease  occurs  most  often  and  in  its 
most  severe  form.   Detailed  (knowledge  of  the  agents  responsible  for  respira- 
tory disease  and  their  natural  history  are  a  necessary  prelude  to  attempts 
at  immunoprophy laxis  and  chemotherapy. 

The  newer  findings  regarding  RS  virus  pathogenesis  have  immediate 
significance  to  our  program  for  immunoprophy lact ic  control  of  this  major 
pediatric  pathogen.   Since  serum  neutralizing  antibody,  by  itself,  does  not 
provide  effective  protection  against  disease  and  since  such  antibody,  in 
the  absence  of  local  respiratory  tract  immunity,  may  contribute  to  the 
pathogenesis  of  disease,  it  would  appear  unwise  to  continue  the  study  of 
inactivated  RS  virus  vaccines  given  by  a  parenteral  route.   Instead,  ef- 
forts should  be  directed  towards  the  development  of  a  safe  effective  live 
attenuated  vaccine  or  inactivated  vaccine  capable  of  inducing  respiratory 
tract  secretory  antibody.   In  this  instance  an  advance  in  our  understanding 
of  the  pathogenesis  of  disease  has  yielded  an  immediate  reward  in  providing 
a  more  rational  approach  to  the  problem  of  illness  prevention. 

Proposed  Course  of  the  Project:   It  is  planned  that  this  study  will  continue 
for  a  period  of  years  since  a  large  segment  of  respiratory  disease  in  in- 
fancy and  childhood  remains  to  be  explained — approximately  50^.   In  ad- 
dition, viruses  responsible  for  respiratory  illness  vary  in  different  times 
and  in  different  localities;  therefore,  surveillance  should  continue  in 
order  to  comprehend  the  larger  picture.   Efforts  to  increase  our  under- 
standing of  the  pathogenesis  of  viral  and  mycoplasmal  lower  respiratory 
tract  disease  of  infancy  and  childhood  will  continue.  Particular  attention 
will  be  given  to  elucidating  the  role  of  serum  neutralizing  antibody  in 
the  pathogenesis  of  RS  virus  lower  respiratory  tract  illness  and  of  respira- 
tory tract  secretory  antibody  in  resistance  to  RS  and  parainfluenza  virus 
infect  ions. 

Honors  and  Awards  Relating  to  this  Project: 

Member,  Commission  on  Acute  Respiratory  Disease,  Armed  Forces  Epidemiology 
Board,  Washington,  D.  C.   Participated  in  November  1967  and  March  1968 
meetings  of  the  Commission. 
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Associate  Member,  Commission  on  Influenza,  Armed  Forces  Epidemiology 
Board,  Washington,  D.  C.   Participated  in  November  1967  meeting  of  the 
Commiss  ion . 

Director,  International  Reference  Laboratory  for  Respiratory  Viruses, 
World  Health  Organization  (WHO). 

Director,  International  Reference  Laboratory  for  Mycoplasmas,  World 
Health  Organization  (WHO). 

Reelected  to  Editorial  Board,  American  Journal  Epidemiology. 

Elected  to  Boards  of  the  Journal  of  Immunology  and  the  Amer  ican  Journa I 
of  Diseases  of  Children. 

Instructor,  WHO  course  in  Respiratory  Virus  Methodology  for  Directors 
of  National  WHO  Laboratories,  CDC,  Atlanta,  Georgia,  July  1967. 

Member,  WHO  Expert  Committee  on  Respiratory  Virus  Infections,  Geneva, 
Switzerland,  October  1967. 

Invited  speaker  American  Academy  of  Pediatrics  Symposium  on  Immunization, 
Washington,  D.  C,  October  1967. 

Invited  speaker  Symposium  honoring  Dr.  Monroe  Eaton  held  at  Harvard  Med- 
ical School,  Boston,  December  1967.   Topic:   "Biology  of  Mycoplasma 
pneumon  iae." 

Invited  speaker  Gustav  Stern  Foundation  Symposium  on  Perspectives  in 
Virology  VI,  January  29,  1968,  New  York  City.   Topic:   "Possible  role 
of  immunologic  factors  in  pathogenesis  of  RS  virus  lower  respiratory 
tract  disease." 

Invited  speaker  Medical  Grand  Rounds,  College  of  Physicians  and  Surgeons, 
Columbia  University,  New  York  City,  January  1968.   Topic:   "Mycoplasmas 
and  L-forms  in  Human  Disease." 

Invited  speaker  -  American  Academy  of  Allergy  Postgraduate  Symposium 
held  in  Boston,  Mass.,  February  3,  1968.   Topic:   "Mycoplasma  Infections 
of  Man." 

Discussant,  Society  for  Epidemiological  Research,  Washington,  D.  C, 

May  1968.   Topic:   "Mathemet ica I  model  for  spread  of  Mycop I asma  pneumon  i ae 

infect  ions." 

Participant  in  Postgraduate  course  presented  by  the  American  College  of 
Physicians  at  University  of  Maryland,  June  20,  1968.   Topic:  "Resistance 
to  Viral  Infections." 
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Invited  to  organize  Symposium  on  Pediatric  Respiratory  Diseases  for 
12th  international  Congress  of  Pediatrics,  Mexico  City,  December  1968. 

Pub  I icat  ions : 

Clianock,  R.  M.,  Smith,  C.  B.,  Friedewaid,  W.  T.,  Parrott,  R.  H.,  Forsyth, 

B.  R.,  Coates,  H.  V.,  Kapil<ian,  A.  Z.,  and  Gharpure,  M.  A.:   Resistance 
to  parainfluenza  and  respiratory  syncytial  virus  infection  -  iaipl  icat ions 
for  effective  immunization  and  preliminary  study  of  an  attenuated  strain 
of  respiratory  syncytia!  virus.   In  First  international  Conference  on 
Vaccines  against  Viral  and  Rickettsial  Diseases  of  Man.   Washington,  D.  C. 
Pan  American  Health  Organization,  1967,  sci.  pub.  147,  pp.  53-61. 

Chanock,  R.  M.  :  Infections'^  Myxovirus  parainfluenza  et  R.S.  In  Debre', 
R.  (Ed.):   Les  Infections  h   Virus  de  L'Homme.   In  press,  1968. 

Chanock,  R.  M. ,  Chambon,  L.,  Chang,  W.,  Ferreira,  F.  G.,  Gharpure,  P., 
Grant,  L.,  Hatem,  J.,  Imam,  I.,  Karra,  5.,  Lim,  K.,  Mada I engoi t ia,  J., 
Spence,  L.,  Teng,  P.,  and  Ferreira,  W. :  WHO  respiratory  disease  survey 
in  children,  a  serological  study.  Bu I  I .  WId.  HIth.  Org.  37:  363-369, 
1967. 

Chanock,  R.  M.,  Parrott,  R.  H.,  Kapikian,  A.  Z.,  Kim,  H.  W.,  and  Brandt, 

C.  D. :  Possible  role  of  immunologic  factors  in  pathogenesis  of  RS  virus 
lower  respiratory  tract  disease.  In  Pollard,  M.  (Ed.):  Perspectives  in 
Virology,  New  York,  N.  Y.   In  press,  1968. 

Parrott,  R.  H.,  Kim,  H.  W.,  Arrobio,  J.  0.,  Canchola,  J.  G.,  Brandt,  C.  D., 
Dei^eio,  J.  L.,  Jensen,  K.  E.,  and  Chanock,  R.  M. :   Experience  with  inac- 
tivated respiratory  syncytial  and  parainfluenza  virus  vaccines  in  infants. 
In  First  International  Conference  on  Vaccines  against  Viral  and  Rickettsial 
Diseases  of  Man.   Washington,  D.  C,  Pan  American  Health  Organization, 
1967,  sci.  pub.  147,  pp.  35-41. 


60 


Serial    No.    NIAID   69   B 

1 .  Vira I    Diseases 

2.  Respiratory    Virus 
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PHS-NIH 
Individual    Project   Report 
July    1,    1967   through    June  30,     1968 


Project  Title:   Non-bacterial  Respiratory  Disease  in  Military  Recruits — 
Epidemiology  and  Experimental  Immunoprophy I axi s 

Previous  Serial  Number:   SAME 

Principal  Investigators:   Drs.  Paul  Steinberg  and  Robert  M.  Chanock 

Other  investigators:   None 

Cooperating  Units:   Dr,  Richard  Gutekunst,  Naval  Medical  Research 
Laboratory,  Camp  Lejeune,  North  Carolina 

Man  Years:  NIAID      Other  NIH    Guest 

Lab.  Staff   Personnel   Workers     TOTAL 

Total:  14/12  14/12 

Professional:      10/12  10/12 

Other:  4/12  4/12 

Project  Descr I pt  i  on : 

Ob  ject  ives :   To  study  ot^|-,a  continuing  basis  the  role  of  newly  recognized 
viruses  and  mycop lasmas/respiratory  tract  disease  occurring  in  Marine 
recruits  at  Camp  Lejeune,  North  Carolina,  and  Parr  is  Island,  South  Caro- 
lina.  It  is  our  purpose  to  define  that  portion  of  respiratory  disease  in 
recruits  which  can  be  associated  with  known  viral  and  mycoplasma  agents 
and  to  search  for  heretofore  unrecognized  agents  which  cause  the  re- 
mainder of  the  acute  respiratory  disease.   Finally,  we  are  interested  in 
evaluating  the  safety  and  efficacy  of  experimental  vaccines  which  are  of 
importance  in  military  medicine. 

Methods  Employed:   Clinical  records  and  appropriate  specimens  are  col- 
lected routinely  from  individuals  in  various  dispensaries  at  Parris  Island 
Marine  Recruit  Training  Depot  and  at  Camp  Lejeune,  North  Carolina.   Clin- 
ical specimens  are  inoculated  into  monkey  kidney,  HEp-2,  and  diploid  human 
embryonic  fibroblast  tissue  cultures  and  into  mycoplasma  medium.   Paired 
serum  samples  are  assayed  in  this  laboratory  by  appropriate  serologic 
techniques  for  evidence  of  infection  with  various  viral  and  mycoplasmal 
agents. 
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Experimental  vaccines  are  evaluated  for  safety  and  effectiveness  by  the 
double  blind  technique.   Recruits  are  randomized  by  serial  number  and 
receive  either  vaccine  or  placebo.   Their  infection  and  illness  experience 
are  then  evaluated  to  determine  if  the  vaccine  was  effective  in  preventing 
infection  and  illness. 

Major  Findings:  M.  pneumon  iae  epidemiology.  M.    pneumon  iae  infections  are 
endemic  in  Marine  recruits  at  Parr  is  I  s land  and  represent  one  of  the  leading 
causes  of  acute  lower  respiratory  tract  illness  there.   Three  longitudinal 
studies  were  undertaken  to  define  a  number  of  ecologic  properties  of  M. 
pneumon  iae  infections  and  to  determine  the  mode  of  spread  under  conditions 
of  natural  exposure.   A  total  of  11  platoons  (34  1  recruits)  were  studied 
during  the  spring,  summer  and  winter  of  1965-66.   Infection  was  detected 
by  isolation  of  M.  pneumoniae  and/or  a  serologic  rise  in  CF  or  growth 
inhibiting  antibody. 

In  each  study  approximately  25%   of  the  recruits  became  infected  during  the 
8  to  10  week  training  interval  at  Parris  Island  and  an  additional  14^  were 
infected  after  transfer  to  Camp  Lejeune.   Estimated  pneumonia  to  infection 
ratios  varied  from  1:15  to  1:20.   In  each  study  at  Parris  Island  there  was 
marked  variation  in  extent  and  rate  of  spread  of  M.  pneumon  iae  infection 
in  different  platoons  within  the  same  company.   This  variation  is  thought 
to  reflect  the  relatively  isolated  method  of  training.   The  longitudinal 
studies  showed  that  serum  growth  inhibiting  antibody  was  related  to  resis- 
tance to  M.  pneumon  iae  infection;  an  inverse  relationship  between  presence 
and  level  of  preexisting  antibody  and  the  occurrence  of  infection  was  noted. 
The  growth  inhibiting  antibody  method  was  shown  to  be  the  most  sensitive 
technique  for  detecting  infection:   89^  of  infected  recruits  developed  a 
rise  in  this  antibody,  while  only  54^  developed  a  rise  in  CF  antibody.   Re- 
covery of  the  organism  was  the  least  efficient  technique  since  only  A-2%   of 
infected  recruits  yielded  the  organism.   The  risk  of  infection  with  M.  pneu- 
mon iae  was  related  to  area  of  residence  in  the  barracks.   Infection  occurred 
significantly  more  often  in  recruits  who  resided  in  the  proximal  one-third 
of  the  barracks  (where  the  toilet,  showers  and  drill  instructors'  office 
were  located)  than  in  the  other  barracks  areas.   This  geographic  effect  sug- 
gests that  the  barracks  is  the  most  important  area  for  spread  of  infection; 
this  finding  also  supports  the  belief  that  infection  is  spread  by  airborne 
droplets. 

Significance  of  the  Program  to  the  Institute:   The  demonstration  of  the 
platoon  as  the  epidemiologic  unit  for  M.  pneumon  iae  infection  facilitates 
considerably  the  planning  of  future  epidemiologic  studies  and  M.  pneumon  iae 
vaccine  trials.   The  zonal  risk  of  infection  by  M.  pneumon  iae  within  the 
barracks  implicating  direct  droplet-spread  through  close  contact  suggested 
the  barracks  as  the  place  where  most  of  the  infection  was  acquired.   These 
studies  may  have  practical  significance  in  the  design  of  recruit  barracks. 
The  current  study  has  provided  the  first  comprehensive  comparison  of  various 
diagnostic  techniques  for  detecting  M.  pneumon  iae  infection  in  a  natural 
setting.   The  finding  that  the  growth  inhibiting  antibody  method  is  the 
most  sensitive  technique  for  detection  of  infection  will  facilitate  future 
field  studies  and  vaccine  trials. 
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Proposed  Course  of  the  Project:   The  surveillance  of  non-bacterial  acute 
respiratory  disease  in  Marine  recruits  will  continue  as  will  evaluation 
of  the  safety  and  efficacy  of  the  newer,  more  immunogenic,  inactivated  M. 
pneumon  iae  vaccines. 

Publ  icat  ions : 

Steinberg,  P.,  White,  R.  J.,  Fuld,  S.  L.,  Gutekunst,  R.  R.,  Chanock,  R.  M. , 
Senterfit,  L.  B.  :   Ecology  of  Mycoplasma  pneumoniae  infections  in  Marine 
recruits  at  Parris  Island,  South  Carolina.   Amer .  _J.  Ep  idem.  (In  press). 

Chanock,  R.  M.,  Fox,  H.  H.,  James,  W.  D.,  Gutekunst,  R.  R.,  White,  R.  J., 
and  Senterfit,  L.  B. :   Epidemiology  of  M.  pneumon  iae  infection  in  military 
recruits.  Ann.  N.  Y.  Acad.  Sc i .  143:   484-496,  1967. 

Chanock,  Ro  M.,  Gutekunst,  R.  R.,  Ludwig,  W,,  Edmondson,  W.  P.,  Gundel f inger, 
B.  F.,  and  Kasel,  J.  A.:   Immunization  against  type  4  adenovirus  by  selec- 
tive enteric  infection.   In  First  International  Conference  on  Vaccines 
against  Viral  and  Rickettsial  Diseases  of  Man.   Washington,  D.  C,  Pan 
American  Health  Organization,  1967,  sci.  pub.  147,  pp.  85-93, 

Gutekunst,  R.  R.,  White,  R.  J.,  Edmondson,  W.  P.,  and  Chanock,  R.  M. : 
Immunization  with  live  type  4  adenovirus:   Determination  of  infectious 
virus  dose  and  protective  effect  of  enteric  infection.   Amer.  _J.  Ep  idem.  86: 
341-349,  1967. 
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3.  Bethesda,  Maryland 

PHS  -  NIH 
Individual  Project  Report 
July  1,  1967  through  June  30,  1968 

Project  Title:   The  Etiology  of  Acute  Respiratory  Disease  in  Adults 

Previous  Serial  Number:   SAIv^E 

Principal  Investigator:   Dr.  Albert  Z.  Kapikian 

Other  Investigators:   Dr.  Robert  M.  Chanock 
Dr.  Kenneth  Mcintosh 

Cooperating  Units:   Dr.  Roger  M.  Cole  -  Chief  Laboratory  of  Microbiology 
Dr.  Wilraer  Dockstader  -  Bacteriology  Unit 

Environmental  Services  Branch 
Mr.  Horace  C.  Turner,  Serology  Unit,  LVD 

Men  Years:         NIAID  Other  NIH  Guest 

Lab  Staff  Personnel  Workers  TOTAL 

Total:           45/12           0  0  45/12 

Professional :     3/12            0  0  3/12 

Other:          42/12           0  0  42/12 

Project  Description: 

Objectives:   (1)   To  determine  the  role  of  known  viruses  and  bacteria 

as  etiologic  agents  of  acute  upper  respiratory  illnesses  in  adult 

populations.   (2)  To  find  and  characterize  new  agents  which  may  be 

human  respiratory  tract  pathogens.   (3)  To  investigate  the  sensitivity 

of  new  experimental  cell  culture  systems  for  the  isolation  of  rhinoviruses 

and  recently  described  avian  infectious  bronchitis  virus  (IBV)-like 

viruses  of  humans. 

Methods  Employed; 

A.   National  Institutes  of  Health  Volunteer  Study--This  study 
began  on  September  9,  1965,  and  continues  to  the  present.   Employees  of 
NIH  with  respiratory  illnesses  are  asked  to  volunteer  a  nasopharyngeal 
washing,  a  throat  swab  and  a  blood  specimen  during  the  acute  phase  of 
a  respiratory  illness.   An  additional  nasopharyngeal  washing  and  blood 
specimen  are  obtained  three  to  four  weeks  later  when  the  volunteers  are 
well.   All  of  the  acute  and  a  randan  sample  of  the  convalescent  naso- 
pharyngeal specimens  are  inoculated  into  standard  tissue  cultures,  i.e., 
primary  monkey  kidney.  Hep  2,  HDCS ,  WI26  and/or  WI38 ,  primary  human 
embryonic  kidney  and  human  aorta  (AT-39).   In  addition,  the  washings 
are  tested  for  the  presence  of  bacteria  especially  for  the  prevalence 
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of  the  various  staphylococci  by  phage  typing  (Dr.  Dockstader) .   The 
throat  swab  is  tested  for  the  presence  of  B  hemolytic  streptococci. 
If  a  B  hemolytic  streptococcus  is  found,  it  is  then  grouped  and  typed 
(Dr.  Cole). 

In  an  attempt  to  find  new  agents,  acute  illness  specimens  which 
were  negative  for  known  viruses  in  the  standard  tissue  cultures  are 
inoculated  into  human  embryonic  trachea  organ  cultures  and  into  a 
variety  of  experimental  diploid  cell  cultures  such  as  human  embryonic 
spleen,  human  embryonic  thymus,  human  embryonic  liver,  human  embryonic 
kidney,  human  embryonic  Ij/mph  node,  and  human^  embryonic  intestine.   A 
description  of  these  attempts  to  find  new  agents  in  organ  cultures  is 
presented  under  project  No.  72A,  entitled  "New  Techniques  for  Recovery 
of  Respiratory  Tract  Viruses."   One  experimental  cell  strain,  human 
embryonic  intestine  MA  177  was  found  to  be  more  sensitive  than  the 
others  for  isolation  of  both  rhinoviruses  and  IBV-like  viruses  and  has 
therefore  been  employed  routinely  for  the  screening  of  specimens  from 
the  NIH  common  cold  study. 

B.   Longitudinal  Studies  Among  Military  Personnel  -  The  First 
Infantry  Training  Regiment  (ITR)  at  Camp  Lejeune,  North  Carolina, 
comprised  the  population  from  which  the  study  companies  were  chosen. 
It  consisted  of  unmarried  male  Marines  between  the  ages  of  17  and  21 
who  were  undergoing  advanced  recnait  training.   These  men  had  completed 
11  weeks  of  initial  recruit  training  at  Parris  Island,  South  Carolina, 
and  had  been  transferred,  without  leave,  for  a  4-week  period  of 
advanced  recruit  training  at  ITR  before  being  assigned  to  a  permanent 
duty  station.   During  their  stay  at  ITR,  the  men  trained  in  conpanies 
of  approximately  240  men.   When  not  in  the  field,  each  company  lived 
in  3  barracks,  each  containing  about  80  men.   There  was  one  mess  for 
the  entire  ITR  which  during  the  period  of  this  study  had  a  population 
ranging  between  1,600  and  5,400  men.   Turnover  of  personnel  was  rapid, 
500  to  1,000  men  often  entering  and  departing  weekly.   Study  companies 
were  obtained  from  the  population  described  above.   The  surveillance 
of  men  from  a  study  canpany  was  begun  within  2  days  of  arrival  of  men 
at  ITR  from  Parris  Island.   At  the  time  of  Initial  Interview,  30  men 
from  a  single  company  were  selected  by  use  of  a  table  of  random  numbers. 
These  were  designated  as  the  study  patients.   All  of  the  men  completed 
the  study. 

Each  study  patient  was  interviewed  within  2  days  of  his  arrival 
at  ITR.   At  the  time  of  this  initial  interview,  a  serum  sample  and  a 
throat  swab  were  obtained.   Each  study  patient  was  interviewed  and  a 
throat  swab  collected  each  subsequent  Monday,   Wednesday  and  Friday 
morning.   Oral  temperatures  were  taken  on  all  symptomatic  patients. 
Rectal  swab  specimens  were  also  obtained  on  all  patients  each  Wednesday. 
At  the  end  of  the  30-day  observation  period  another  seriom  specimen  was 
collected.   Detailed  clinical  signs  and  symptoms  were  also  obtained  for 
each  study  patient.   The  throat  swab  specin^ens  were  Inoculated  into 
MK,  Hep  2  and  WI38  tissue  cultures. 
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Ma 1  or  Find inqs ; 

A.   National  Institutes  of  Health  Common  Cold  Volunteer  Study — 
from  September  9,  1965  to  March  31,  1968  a  total  of  394  volunteers  were 
admitted  to  the  study.   From  2  to  35  volunteers  were  seen  each  month. 
With  the  use  of  standard  techniques,  128  (32%)  of  the  394  specimens 
yielded  a  viral  agent  while  only  2  yielded  a  B  hemolytic  group  A 
streptococcus.   Eighty-nine  (70%)  of  the  128  virus  isolations  had 
tissue  culture  characteristics  of  rhinoviruses  while  11  have  been 
identified  as  adenoviruses,  6  as  herpes  simplex,  6  influenza  A, 
1  influenza  B,  4  parainfluenza  type  1,  1  parainfluenza  type  2,  2  para- 
influenza type  3,  1  parainfluenza  type  4,  2  respiratory  syncytial, 
and  5  unclassified  viruses.   The  epidemiologic  pattern  of  rhinovirus 
infection  has  been  noteworthy  during  the  3  years  of  the  study. 
Rhinoviruses  were  isolated  from  15  (45%)  of  33  ill  volunteers  in 
September  and  October,  1965,  from  31  (30%)  of  103  ill  volunteers  frcm 
March,  1966  through  October,  1966,  and  20  (40%)  of  50  ill  volunteers 
from  April,  1967  through  November,  1967;  in  contrast,  however,  rhino- 
viruses could  be  isolated  from  only  3  (5%)  of  60  ill  volunteers  from 
December,  1965  through  February,  1966  and  7  (8%)  of  84  ill  volunteers 
from  November,  1966  through  March,  1967  and  1  (4%)  of  26  ill  volunteers 
from  December,  1967  through  February,  1968.   Only  13  other  viruses 
were  isolated  during  these  periods  of  low  rhinovirus  prevalence. 

Attempts  to  isolate  the  etiologic  agents  of  the  respiratory  illnesses 
observed  during  these  periods  of  low  detectable  virus  prevalence  have 
been  a  major  effort  of  this  laboratory.   These  efforts  have  been 
fruitful  with  the  use  of  two  different  culture  techniques:   human 
embryonic  tracheal  organ  cultures  and  human  embryonic  intestine  (HEI) 
tissue  cultures  (MA  177) .   By  the  use  of  human  embryonic  tracheal  organ 
cultures  7  of  19  previously  negative  specimens  obtained  during  periods 
of  low  rhinovirus  prevalence  have  been  virus  positive  with  2  of  the  7 
having  characteristics  of  rhinoviruses  and  5  having  a  morphology  similar 
to  the  avian  infectious  bronchitis  virus  (IBV).   The  organ  culture 
studies  are  described  in  Project  72A  entitled  "New  Techniques  for 
Recovery  of  Respiratory  Tract  Viruses."   By  the  use  of  HEI  tissue 
cultures  6  of  71  previously  negative  specimens  obtained  during  a  low 
virus  recovery  period  (November,  1966  through  March,  1967)  were  virus 
positive.   All  6  agents  resembled  the  avian  infectious  bronchitis 
virus  (IBV)  morphologically  and  were  serologically  related  to  the  229E 
virus  described  by  Hamre .   In  addition,  3  similar  agents  were  isolated 
from  5  volunteers,  enrolled  in  a  previous  NIH  common  cold  study  (1962- 
1964)  who  had  demonstrated  OF  antibody  rises  to  229E  virus  and  whose 
specimens  were  therefore  tested  for  this  agent  in  HEI  tissue  cultures. 
Four  of  these  9  IBV-like  viruses  have  been  characterized  in  our 
laboratory  and  found  to  be  RNA  viiruses  as  measured  by  resistance  to 
inactivation  by  5-IUDR,  acid  labile,  and  chloroform  sensitive.   All  9 
have  been  visualized  by  electron  microscopy  and  all  resemble  the  avian 
IBV.   It  is  of  interest  that  none  of  the  4  tested  appeared  to  multiply 
satisfactorily  in  human  embryonic  tracheal  organ  cultures  as  no  virus 
particles  from  a  third  organ  culture  passage  of  these  agents  could  be 
visualized  by  electron  microscopy.   In  addition,  the  4  agents  tested 
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did  not  appear  to  grow  in  suckling  mice .   Paired  sera  obtained  from 
volunteers  in  the  common  cold  study  between  September,  1955  and 
August,  1957  were  tested  for  CF  antibody  rises  against  the  229E  virus 
and  it  was  found  that  23  (7%)  of  317  paired  sera  had  serologic  rises 
to  229E  virus.   It  was  noteworthy,  however,  that  only  2  of  211  patients 
had  serologic  evidence  of  229E  infection  between  September,  1965  through 
November,  1966  while  21  (24%)  of  89  had  evidence  of  229E  infection 
from  December,  1966  through  April,  1957.   All  6  isolates  from  the 
current  common  cold  study  were  made  from  specimens  obtained  during 
January  through  March,  1957  and  5  of  the  5  patients  shedding  the  virus 
had  serologic  evidence  of  229E  infection.   Sera  obtained  from  other 
studies  were  also  screened  for  evidence  of  229E  infection.  Only  5  (2%) 
of  254  employees  in  the  1952-1954  common  cold  study  demonstrated  serologic 
evidence  of  229E  infection.   Paired  sera  from  children  with  respiratory 
illnesses  have  demonstrated  rises  to  this  agent  very  infrequently. 

B.   Longitudinal  Studies  of  Rhinovirus  Infection  Among  Military 
Personnel — Each  of  the  411  throat   swab  specimens  has  been  inoculated 
into  MK,  Hep  2  and  WI38  tissue  cultures  and  35  of  these  have  yielded 
a  viral  agent.   Of  the  35,  4  have  been  typed  as  herpes  simplex  while 
31  have  characteristics  of  rh inoviruses .   These  isolates  have  been 
tested  against  73  hyperimmune  rhinovirus  antisera  in  an  attempt  to 
determine  their  serotypes.   Fifteen  have  been  typed  as  rhinovirus 
type  2  (HGP),  9  as  rhinovirus  type  23  (100319),  3  as  rhinovirus  type  32 
(353),  1  as  rhinovirus  type  24  (CV25)  and  3  are  untyped  and  may  represent 
new  rhinovirus  serotypes.   The  15  rhinovirus  type  2  isolations  were 
made  from  5  men,  the  9  rhinovirus  type  23  from  5  men,  the  3  rhinovirus 
type  32  from  3  men,  and  the  untyped  rhinoviruses  from  2  men;  virus 
shedding  ranged  from  1  to  8  days.   Typing  of  the  rhinovirus  isolates 
has  been  tedious  and  difficult  since  many  of  the  hyperimmune  sera 
prepared  in  goats  and  cattle  have  demonstrated  heterologous  rhinovirus 
neutralizing  antibody,  necessitating  further  neutralization  tests  to 
identify  an  isolate.   The  guinea  pig  sera  have  been  quite  specific  and 
when  available,  have  facilitated  the  identification  of  isolates.   The 
acute  phase  serum  of  each  patient  will  be  tested  for  the  presence  or 
absence  of  neutralizing  antibody  against  the  prevalent  serotypes,  and 
the  paired  sera  of  each  patient  will  be  tested  for  neutralizing  antibody 
rises  against  prevalent  rhinovirus  serotypes  in  an  attempt  to  elucidate 
the  epidemiology  of  rhinovirus  infection.   This  study  affords  a  most 
unusual  and  unique  opportunity  to  study  the  natural  history  of 
rhinovirus  infection  in  an  adult  population. 

Significance  of  the  Program  to  the  Institute; 

These  studies  are  aimed  at  evaluating  the  role  of  known  viruses  and 
bacteria  as  etiologic  agents  of  adult  respiratory  diseases  and  at 
finding  new  agents  which  cause  these  illnesses.   It  is  of  interest 
that  when  using  conventional  techniques  about  one-third  of  the  illnesses 
among  the  NIH  personnel  studied  were  fo\ind  to  be  associated  with  a 
viral  agent  and  in  certain  periods  such  as  the  late  fall  and  the  winter 
less  than  10%  of  the  specimens  yielded  a  viral  agent.   It  appears, 
however,  that  with  the  use  of  new  techniques  such  as  organ  cultures 
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and  experimental  cell  cultures  such  as  the  human  embryonic  intestine 
new  agents  can  be  found.   During  the  past  year  we  found  that  an  avian 
IBV-like  virus,  229E,  was  associated  with  24%  of  89  acute  respiratory 
illnesses  occurring  from  December,  1956  through  April,  1967,  as 
measured  by  serology.   The  elucidation  of  the  etiology  of  the  majority 
of  upper  respiratory  illnesses  must  be  accomplished  before  attempts  at 
prevention  of  such  illnesses  can  be  fruitful 

Proposed  Course  of  Project; 

These  studies  which  attempt  to  find  new  agents  associated  with 
adult  respiratory  illness  will  receive  major  emphasis  in  this  laboratory 
since  recent  attempts  to  find  such  agents  by  using  human  organ  cultures 
and  experimental  cell  cultures  appear  to  be  very  promising. 
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Mufson,  M.  A.,    Chang,  Y. ,  Gill,  V,,  Wood.  S.  C. ,  Romansky,  M.  J., 
and  Chanock,  R.  M. ,  The  role  of  the  viruses,  mycoplasmas  and 
bacteria  in  acute  pneumonia  in  civilian  adults.  Am.  J.  Epidemiol.  85: 
526,  1967. 


LVi 


Serial  No.  NIAID  70  A 

1.  Viral  Diseases 

2.  Respiratory  Virus 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  I,  1967  through  June  30,  1968 

Project  Title:  Laboratory  Studies  of  Myxoviruses  and  Paramyxoviruses 
Associated  with  Respiratory  Tract  Disease. 

Previous  Serial  Number:  SAME 

Principal  Investigators:  Dr.  Meera  Gharpure,  Dr.  Ronald  Schrelber,  Dr.  John 

Mills,  Dr.  Robert  Chanock 

Cooperating  Units:  Dr.  Louis  Potash,  Flow  Laboratories 


in  Years: 

NIAID 

Other  NIH 

Guest 

Lab.  Staff 

Personnel 

Workers 

JPTAL 

Tota 1 : 

58/12 

58/12 

Professional : 

44/12 

44/12 

Other: 

14/12 

14/12 

Project  Description: 

Ob  iectives ;   ( I )  To  study  the  biological  and  biophysical  properties  of  myxo- 
viruses and  paramyxoviruses  which  are  of  importance   in  human  respiratory 
tract  disease.   (2)  To  produce  conditional  lethal  temperature  sensitive 
mutants  of  myxoviruses  and  paramyxoviruses  for  possible  use  in  live  attenuated 
vacc  i  nes . 

Methods  Employed;   In  genetic  studies  RS  or  influenza  Ag  virus  is  grown  in 
primary  calf  kidney  tissue  culture  and  then  purified  by  3  successive  plaque 
to  plaque  passages.  Virus  is  then  exposed  to  different  chemical  mutagens 
either  in  the  growth  medium  during  virus  replication  (5-f luorouraci I  or  5- 
f luorouridine)  or  while  in  the  extracellular  non-replicating  state  (N  methyl- 
N,  Nitrosoguanidine  (NTG)  or  ethy Imethanesul fonate  (EMS)}.  Treated  virus  as 
well  as  the  parental  virus  are  tested  for  plaquing  efficiency  at  a  low  or 
permissive  temperature,  which  varies  for  different  viruses,  and  at  a  high  or 
restrictive  temperature,  which  also  varies  for  different  viruses.   Those 
plaque  isolates  from  the  treated  virus  population  which  produce  plaques  only 
at  the  lower  permissive  temperatures  represent  the  desired  temperature 
sensitive  conditional  lethal  mutants. 

In  addition,  multistep  temperature  sensitive  mutants  are  produced  by  adapting 
virus  to  growth  at  temperatures  at  which  replication  is  suboptimal. 
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fja  ior  Findings :   (I)  1 nf luenza  virus ;  A  plaque  technique  for  influenza  Ag 
virus  has  been  successfully  developed  using  primary  calf  kidney  tissue  culture. 
This  plaque  system  appears  to  reflect  the  activity  of  single  virus  particles 
since  plaque  number  increases  in  direct  proportion  to  Increase  in  virus  con- 
centration and  sonication  of  virus  suspensions  does  not  produce  an  increase 
in  number  of  plaques.  The  temperature  range  over  which  our  influenza  Ag 
virus,  isolated  and  grown  only  in  primary  calf  kidney  cells,  produces  a  high 
titer  of  plaques  is  rather  broad  extending  from  30°  to  40°C.  This  range  is 
probably  sufficient  to  permit  the  selection  of  temperature  sensitive  mutants 
from  virus  treated  with  chemical  mutagens.  We  have  selected  31 "C  as  the  low 
or  permissive  temperature  and  39°C  as  the  high  or  restrictive  temperature  for 
our  influenza  virus  genetic  studies.   Experiments  involving  treatment  of 
replicating  virus  with  5-f luorouraci 1  (5  FU)  are   currently  In  progress.  An 
interesting  byproduct  of  the  early  portion  of  this  study  was  the  finding  that 
release  of  influenza  Ag  virus  from  infected  cells  is  markedly  inhibited  at 
the  low  or  permissive  temperature. 

Multistep  mutants  of  influenza  Ag  have  been  produced  by  adaptation  of  a  strain, 
isolated  by  Dr.  H.  Maassab,  to  growth  at  25*C  in  primary  bovine  kidney  culture. 
Parental  virus  does  not  replicate  to  any  extent  at  25*0,  whereas  the  adapted 
virus  grows  to  a  titer  of  10^*^  TCO50  per  ml  at  this  temperature.  This  low 
temperature  virus  is  currently  being  evaluated  in  volunteers  (N|A|D  72  B). 

(2)  Respiratory  syncytial  (RS)  virus;   |n  order  to  define  the  sequence  of 
events  in  virus  replication  a  combined  virus  growth,  immunofluorescence  and 
electron  microscopy  study  was  performed.  The  cells  (Hep-2)  were  infected 
with  a  multiplicity  of  10  plaque  forming  units  per  cell,  thereby  providing 
informing  regarding  a  "single  step"  growth  curve.  During  the  first  2  hours 
following  infection  there  was  a  32-fold  decrease  in  infectivity.  Evidence 
of  newly  produced  virus  was  not  seen  until  8  hours.   By  16  hours  the  virus 
titer  had  increased  100-fold.  From  the  16th  hour  on  the  growth  curve  formed 
a  plateau.   Evidence  of  immunof luorescent  reactive  antigen  in  the  cytoplasm 
of  infected  cells  was  first  detected  at  6  hours — at  this  time  very  few  cells 
were  positive.  The  number  of  cells  with  stainable  antigen  increased  rapidly 
with  time  and  by  12  hours  almost  all  cells  exhibited  brilliant  intracyto- 
plasmic  staining.   Infected  cells  could  not  be  distinguished  from  uninfected 
cells  by  electron  microscopy  until  10  hours  after  infection.  At  this  time  a 
distinctive  cytoplasmic  mass  made  its  appearance;  the  fine  structure  of  the 
mass  could  not  be  defined  and  it  was  not  possible  to  discern  helical  components 
within  the  mass.  At  10  hours  virus  particles  were  first  seen  budding  from 
the  cell  membrane.  After  10  hours  the  intracytoplasmic  mass  and  evidence 
of  budding  virus  particles  at  the  cell  membrane  were  consistently  present  in 
each  infected  cell  examined. 

The  highest  concentration  of  5-f luorour idine  not  toxic  for  calf  kidney  culture 
cells  was  10"*.  RS  virus  was  grown  in  calf  kidney  cells  at  28''C  (a  permissive 
temperature  selected  for  this  virus)  in  the  presence  of  10"'*  5-f  luorour  idine. 
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I0~*  5-f luorouridine  produced  a  100-fold  suppression  of  RS  virus  growth. 
The  viral  progeny  were  isolated  by  the  plaque  technique  and  each  plaque 

isolate  was  tested  for  growth  capacity  at  SO'C  (permissive  temperature)  and 
at  39°C  (restrictive  temperature).   In  addition,  concentrated  RS  virus  was 
exposed  to  NTG  (100  M,g/ml )  for  15  minutes  at  room  temperature.  After  dialysis 
the  surviving  virus  was  tested  in  the  same  manner  as  the  5-f luorour idine 
treated  virus. 

Thus  far  297  5-f luorouridine  treated  virus  clones  and  204  NTG  treated  virus 
clones  have  been  tested  without  finding  a  conditional  lethal  temperature 
sensitive  mutant.  This  indicates  that  the  frequency  of  such  mutants  following 
NTG  and  5-f luorour idine  is  very  low. 

Significance  of  the  Program  to  the  Institute:  Myxovi ruses  and  paramyxoviruses 
are  the  most  important  causes  of  serious  respiratory  tract  disease  of  man.  A 
thorough  understanding  of  the  biological  and  biophysical  properties  of  these 
viruses  is  essential  to  the  rational  development  of  safe,  effective  vaccines. 
The  use  of  chemical  mutagens  to  produce  discrete  changes  in  viral  RNA 
represents  the  most  rational  approach  to  the  production  of  conditional  lethal 
temperature  sensitive  mutants  for  use  in  vaccines.  Although  the  immediate 
aim  of  the  mutagenesis  studies  is  the  development  of  vaccine  strains,  it  is 
probable  that  important  information  concerning  the  genome  of  influenza  and  RS 
viruses  will  also  be  obtained. 

Proposed  Course  of  Study;  The  mutagenesis  program  with  5-FU  and  influenza 

Ag  virus  will  continue.  Other  mutagens,  such  as  5-FU  and  ethy Imethanesu I fonate 

will  be  tested  for  their  effect  on  RS  virus. 

Honors  and  Awards:   None 
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PROJECT  DESCRIPTION 

Objectives: 

(1)   To  classify  the  numerous  rhinovirus  serotypes  into  a  suitable 
nomenclature  system.   (2)   To  characterize  rhinovirus  serotypes 
antigenically.   (3)   To  elucidate  the  inter-relationships  between 
different  rhinovirus  serotypes. 

Methods  Employed  and  Major  Findings; 
I 

This  project  was  described  in  detail  in  last  year's  annual  report 
#  70B  when  it  was  reported  that  a  new  numbering  system  for  rhinoviruses 
had  been  proposed.   This  numbering  system,  which  was  approved  by  the 
Directors  of  the  World  Health  Organization  Respiratory  and  Enterovirus 
Reference  Centers,  enumerated  55  distinct  serotypes  and  one  subtype. 
A  second  phase  of  the  program  is  now  in  progress  as  over  50  additional 
rhinoviruses  are  to  be  tested  in  cross  neutralization  tests  against 
the  55  numbered  serotypes  to  determine  whether  or  not  these  additional 
rhinoviruses  represent  new  serotypes.   These  tests  will  be  performed 
by  the  laboratory  submitting  the  virus  in  most  cases  and  also  by  the 
Children's  Hospital  Research  Foundation,  Children's  Hospital,  Columbus, 
Ohio,  a  contractee  of  the  Vaccine  Development  Branch  of  NIAID.   These 
tests  have  not  been  perform.ed  since  antisera  have  been  lacking  for  some 
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of  the  numbered  rhinoviruses  and  for  some  of  the  candidate  viruses 
formerly  referred  to  as  coryzaviruses .   Antisera  to  these  viruses 
have  been  and  are  being  prepared  and  tested  by  contractees  of  the 
Research  Reference  Reagents  Branch  of  NIAID.   Our  laboratory  has 
performed  some  of  the  homologous  and  heterologous  neutralizing  antibody 
tests  with  these  sera. 


SIGNIFICANCE  OF  THE  PROGRAM  TO  THE  INSTITUTE 

Rhinoviruses  are  the  most  important  knovm,  group  of  viruses  to  be 
associated  with  acute  respiratory  illnesses  in  adults.   However,  the 
rapidly  increasing  number  of  serotypes  in  the  absence  of  an  acceptable 
numbering  system  made  interpretation  of  epidemiological  data  difficult 
and  also  prevented  satisfactory  epidemiological  investigation  of 
rhinovirus  infections.   The  adopted  n\imbering  system  and  the  completion 
of  the  second  phase  will  not  only  permit  such  studies  to  be  undertaken 
satisfactorily  but  will  also  aid  in  the  eventual  preparation  and 
evaluation  of  rhinovirus  vaccines. 


PROPOSED  COURSE  OF  PROJECT 

A  second  phase  of  the  program  is  now  in  progress  and  additional 
viruses  will  be  tested  in  cross  neutralization  tests  with  the  fifty- 
five  numbered  rhinoviruses,  to  determine  whether  they  represent  new 
serotypes.   To  date,  over  50  additional  rhinoviruses  have  been  submitted 
to  the  program  and  are  to  be  tested  as  in  the  first  phase.   The  LVD 
continues  as  the  central  U.  S.  coordinating  laboratory  of  this  program. 

Publication 

Kapikian,  A.  Z.,  "Rhinoviruses"  -  Chapter  -   Diagnostic  Procedures 
for  Viral  and  Rickettsial  Diseases,  Fourth  Edition,  In  Press,   1968. 
In  Lennette,  E.  H.,  and  Schmidt,  N.  J.  (Eds.).   American  Public  Health 
Association,  New  York,  N.  Y. 
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Project  Description: 

Ob ject  ives :   (I)   To  study  the  biological  and  biophysical  properties  of 
mycoplasmas,  with  particular  emphasis  on  Mycoplasma  pneumoniae,  the  etio- 
logic  agent  of  cold  agglutinin  positive  pneumonia,  and  to  determine  the 
relationship  of  these  properties  to  virulence.   (2)   To  determine  the  cul- 
tural requirements  for  various  mycoplasma  species,  with  emphasis  on  methods 
of  obtaining  optimum  growth  of  the  more  fastidious  organisms.   (3)   To  de- 
fine the  effect  of  temperature  on  growth  of  M.  pneumon  iae.   (4)   To  produce 

.temperature-"^,   ^   ,  ..        .  ~  ttt ,   .   ,     , 

and  se I ect/sens IT  I ve  mutants  of  M.  pneumon lae  with  reduced  virulence  tor 

man.   (5)   To  define  the  nature  of  the  serologically  reactive  antigens  of 
M.  pneumon  iae. 

Methods  Employed:   (I)   Mycoplasmas  were  grown  on  agar  plates  or  in  broth 
suspension.   Specific  rabbit  antisera  for  both  human  and  animal  mycoplasmas 
were  prepared  from  organisms  which  had  been  cloned  and  adapted  to  growth 

in  rabbit  infusion  broth  supp I emenffed  with  rabbit  serum.   M.  pneumon  iae 

and  other  mycoplasmas  were  also  grown  in  large  glass  bottles  under  conditions 

in  which  the  colonies  became  attached  to  the  glass  surface.   (2)   M.  pneu- 
mon iae.  grown  on  a  glass  surface  and  purified  by  multiple  washings,  was 

fractionated  by  both  chemical  and  chromatographic  techniques.   Purified 
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phospholipid  hapten  was  obtained  by  silicic  acid  chromatography  and  silica 
gel  thin  layer  chromatography.   The  purified  hapten  was  studied  by  chemical 
and  physical  techniques  for  molecular  weight  and  elemental  composition.   In 
addition  appropriate  techniques  were  used  to  assay  for  the  presence  and 
quantity  of  glycerol,  fatty  acids,  phosphate  and  other  materials.   (3)   Myco- 
plasmas were  grown  in  mycoplasma  media  supplemented  with  various  nutritional 
components  to  determine  requirements  for  optimum  growth.   (4)   Suspensions 
containing  single  M.  pneumon  iae  organisms  were  prepared  by  passing  infected 
broth  through  a  filter  (450  m\^)    which  retained  clumps  containing  2  or  more 
organisms.   Dilutions  of  single  organism  suspensions  were  then  inoculated 
onto  agar  medium,  and  the  cultures  were  incubated  at  temperatures  varying 
from  30°  to  40°C.   M.  pneumon  iae  was  exposed  to  chemical  mutagens  either 
in  the  growth  medium  (5  bromodeoxy-ur id ine  -5BUDR)  or  after  growth  had 
occurred  on  a  glass  surface  (N-methy l-N-nitrosoguan id ine-NTG) . 

(viajor  Findings: 

(1)  Biological  characterization  of  mycoplasmas,   iviycop  I  asmas  can  be  classi- 
fied according  to  serological  or  biological  criteria.   In  practice  both  are 
used  to  identify  mycoplasma  isolates.   We  examined  several  of  the  newer 
mycoplasmas  for  their  resistance  to  inactivation  by  methylene  blue  and  their 
ability  to  grow  in  the  absence  of  fresh  yeast  extract:   (a)  yeast  extract — 
M.  ora le  type  I  and  M.  orale  type  3  failed  to  grow  without  yeast  extract. 

M.  ora I e  type  2  grew  without  this  supplement,  but  its  growth  was  somewhat 
inferior  to  that  obtained  in  media  supplemented  with  yeast  extract.   (b) 
[^ethylene  blue — M.  ora le  types  I,  2  and  3  and  two  T-strain  mycoplasma 
isolates  were  inhibited  by  methylene  blue.   Thus,  M.  orale  types  I  and  3, 
M.  pneumon  iae  and  the  T-strains  require  fresh  yeast  extract  for  growth 
whereas  M.  horn  in  is,  M.    sa I  i var  i  um,  M.  ora I e  type  2  and  M.  f ermentans  do 
not.   All  human  mycoplasmas  with  the  exception  of  M. pneumon iae  are  inhibited 
by  methylene  blue. 

(2)  Staining  of  mycoplasma  colonies.   We  have  adapted  the  acrid ine  orange 
fluorescent  staining  technique  for  staining  mycoplasma  colonies  on  agar 
plates.   Such  a  technique  is  useful  for  counting  small  colonies  such  as 

are  produced  by  T-strains  or  for  differentiating  between  mycoplasma  colonies 
and  pseudocol on ies,  which  do  not  stain. 

(3)  Electron  microscopy  of  mycoplasmas.   Two  T-strain  mycoplasmas  and  a 
new  mycoplasma  of  human  origin  (tentatively  named  by  others  M.  I i  poph  ilia) 
were  examined  by  electron  microscopy.   All  were  found  to  be  surrounded  by 

a  three- layered  membrane  and  to  resemble  other  mycoplasmas  in  other  aspects 
of  fine  structure. 

(4)  Infectious  mononucleosis.   In  collaboration  with  Drs.  Kasel  and  Chessin 
of  LCI,  we  have  cultured  over  two  hundred  oropharyngeal  and  urine  specimens 
from  patients  with  infectious  mononucleosis  and  from  normal  controls.   The 
recognized  mycoplasmas  were  recovered  with  equal  frequency  from  controls 
and  patients  with  infectious  mononucleosis.   Thus  there  was  no  evidence  that 
recognized  mycoplasmas  are  et iolog ica I ly  related  to  infectious  mononucleosis. 
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(5)  T-strain  mycoplasmas.   Because  T-strains  are  serologically  heterogeneous 
their  taxonomic  status  is  difficult  to  determine.   To  help  answer  taxonomic 
questions  about  these  mycoplasmas  we  are  collaborating  with  Dr.  Razin  (Israel) 
on  studies  of  membrane  composition  and  with  Dr.  Weissman  (Yale)  on  studies 

of  nucleic  acid  homology  between  strains.   Both  approaches  have  been  useful 
in  the  taxonomic  study  of  other  mycoplasmas. 

(6)  Plant  mycoplasmas.   Recent  evidence  from  several  laboratories  suggests 
that  several  plant  diseases  of  economic  importance  may  be  caused  by  myco- 
plasmas.  In  collaboration  with  plant  pathologists  (Department  of  Agriculture) 
we  are  attempting  to  recover  mycoplasmas  from  infected  plants  and  from  insects 
that  serve  as  vectors  for  the  plant  disease  agents. 

(7)  M.  pneumoniae  q I ycerophosphol i pid  hapten.   The  serological ly  active 
hapten"  has  been  recovered  in  almost  pure  form.   Previous  preparations  were 
thought  to  be  free  of  lipid  contaminants,  but  the  use  of  improved  chromato- 
graphic techniques  indicated  that  these  materials  produced  4  to  5  spots  on 
silicic  acid  thin  layer  plates.   Current  preparations  of  the  rechromatographed 
9:1  ch loroform-methanol  eluate  from  a  silicic  acid  column  produce  only  one 
spot  on  thin  layer  plates  and  appear  to  be  pure  by  all  available  criteria. 
Such  highly  purified  preparations  are  highly  active  in  both  complement  fix- 
ation and  in  blocking  of  metabol ism- inh ib it ing  (growth- inh i b it ing)  antibodies. 
Chemical  analysis  indicates  that  the  hapten  has  a  basic  structure  similar 

to  that  of  cardiolipin  (d i phosphat idy I  glycerol)  and  is  free  of  nitrogen 
and  sugars.  The  phosphate-g I ycerol-fatty  acid  ratios  were  determined  for 
4  different  preparations,  and  these  were  found  to  be  2:3:4.5  to  5.0,  values 
indicative  of  a  d i phosphotidal  glycerol  structure.  Current  efforts  involve 
a  study  of  the  role  of  fatty  acid  structure  in  antigenic  specificity  of  the 
hapten  since  cardiolipin  from  beef  heart  does  not  react  with  M.  pneumon  iae 
ant  i  body. 

(8)  Temperature  requirements  for  growth  of  M.  pneumon  iae  and  attempts  at^ 
mutagenes  i  s.   M.  pneumoniae  grew  to  the  same  titer  on  agar  medium  from  52 
to  39"C.   There  was  a  100  fold  decrease  in  titer  at  30°C  due  to  repression 
of  growth  and  not  killing  of  the  organism  since  transfer  of  cultures  from 
30°  to  37°C  caused  the  titer  to  increase  100  fold.   At  40°C  growth  did  not 
occur  and  a  "step  down"  transfer  to  37°C  did  not  result  in  the  growth  of 
colonies  on  agar. 

Treatment  of  M.  pneumon  iae  with  25  ^g  per  ml.  of  NTG  did  not  decrease  vi- 
abil  ity  of  the  organism  whereas  50  fj,g  per  ml  of  NTG  decreased  the  titer 
67/  and  100  ^-g  per  ml  of  NTG  affected  an  80$  reduction  in  titer. 

Growth  of  JM.  pneumon  iae  in  the  presence  of  25  fj,g  per  ml  of  BUDR  decreased 
growth  by  '55%,    50  ^.g  per  ml— 83$,  100  ^^g  per  ml— 79$  and  250  ^g  per  ml  99$. 
Currently  survivors  of  NTG  treatment  or  organisms  grown  in  BUDR  are  being 
tested  for  the  presence  of  temperature  sensitive  mutants — i.e.,  organisms 
which  will  grow  with  relative  efficiency  at  32°C  but  not  at  39°C. 
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(9)   Peroxide  formation  by  M.  pneumoniae  and  adsorption  of  the  organism  to 
neuraminic  acid  receptors  of  respiratory  tract  epithelial  cells — possible 
role  in  virulence.   We  had  previously  shown  that  the  hemolysin  of  M.  pneu- 
mon  iae  was  a  peroxide.   Results  of  the  current  study  have  shown  that  other 
mycoplasmas  which  infect  man  also  produce  peroxide  hemolysins  since  such 
hemolysins  are  inhibited  by  catalase  or  peroxidase.   However,  in  comparison 
with  the  rapid  complete  lytic  effect  of  M.  pneumon  iae  these  mycoplasmas  pro- 
duced smaller  hemolytic  zones;  hemolysis  was  delayed  and  was  often  incomplete. 
Hemolysis  could  also  be  prevented  by  lower  concentrations  of  catalase  than 
were  required  to  inhibit  hemolysis  by  M.  pneumon  iae.   These  findings  suggest 
that  the  mycoplasmas  of  man  other  than  M.  pneumon  iae  are  less  potent  hemo- 
lysin producers,  probably  due  to  a  lower  rate  of  peroxide  secretion. 

Since  the  mycoplasmas  which  are  non-pathogenic  for  man  also  secrete  peroxide, 
it  would  appear  that  peroxide  per  se  is  not  the  determinant  of  virulence. 
More  likely,  virulence  is  related  to  the  quantity  of  peroxide  secreted — 
thus,  among  the  mycoplasmas  which  infect  man,  M.  pneumon  iae,  which  appears 
to  secrete  the  largest  amount  of  peroxide,  is  the  most  pathogenic.   On  the 
basis  of  these  findings  it  is  suggested  that  peroxide  secretion  by  M.  pneu- 
mon iae  contributes  to  the  virulence  and  pathogenicity  of  this  organism. 

M.  pneumon  iae  forms  a  firm  rapid  attachment  to  erythrocytes  or  tracheal  epi- 
thelial eel  Is  V  ia  neuramin ic  acid  receptors  on  these  cells,  whereas  M.  ora I e 
types  I  and  3  appear  to  utilize  another  type  or  other  types  of  receptors. 
Other  mycoplasmas  which  infect  man  do  not  adsorb  to  mammalian  red  ceils  or 
respiratory  epithelial  cells.   Pretreatment  of  red  cells  or  tracheal  epi- 
thelial cells  with  receptor-destroying  enzyme,  neuraminidase  or  influenza  B 
virus  remove  the  adsorption  receptors  for  M.  pneumon  iae.   Similarly,  pre- 
treatment of  M.  pneumon  iae  colonies  with  neuraminic  acid-containing  materials 
prevent  adsorption  of  erythrocytes  or  respiratory  tract  cells.  The  adsorp- 
tion sites  on  M.  pneumoniae  are  specifically  blocked  by  homologous  but  not 
heterologous  antisera.   This  property  makes  it  possible  to  study  the  nature 
of  the  mycoplasma  adsorption  inhibiting  antibodies.   Such  studies  suggest 
that  binding  sites  on  M.pneuBxpn iae  are  probably  lipid  or  lipo-protein  in 
nature.  The  gl ycerophosphol ipid  hapten  appears  to  be  implicated  as  one  such 
site  since  this  serologically  active  hapten  blocks  the  action  of  hemadsorp- 
tion inhibiting  antibodies  in  M.  pneumoniae  rabbit  antiserum. 

The  affinity  of  M.  pneumon  iae  for  respiratory  tract  epithelium,  unique  among 
the  mycoplasmas  which  infect  man,  may  play  a  role  in  virulence  since  this 
type  of  attachment  provides  an  unusual  opportunity  for  peroxide  secreted 
by  the  organism  to  attack  the  tissue  cell  membrane  without  being  rapidly 
destroyed  by  catalase  or  peroxidase  present  in  extracellular  body  fluids. 

(  10)   Swine  arthr  it  is.-  ■  A  pool  of  M.  hyorh  in  is  for  use  in  pigs  has  been 
prepared  and  shown  to  be  free  of  adventitious  agents.  This  preparation  will 
be  administered  to  mycoplasma  free  pigs  (derived  by  Caesarian  section)  in 
the  near  future. 
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Significance  of  the  Program  to  the  Institute:   (I)   It  is  probable  that  a 
number  of  fastidious  mycoplasmas  await  discovery.   The  development  of  more 
sensitive  isolation  techniques  for  mycoplasmas  is  extremely  important  in 
this  relatively  unexploited  area  of  research.   It  should  be  remembered  that 
M.  pneumon  iae,  the  only  mycoplasma  definitely  pathogenic  for  man,  is  also 
the  most  fastidious  in  its  growth  requirements.   (2)   The  purification  and 
identification  of  the  antigen ical ly  active  moeity  of  M.  pneumon  iae  has  both 
practical  and  basic  implications.  This  work  may  lead  to  the  development  of 
a  h  igh I y  pur  if  ied  M.  pneumon  iae  vaccine  if  we  are  success fu I  in  coup  I ing  the 
hapten  to  a  protein  carrier  molecule  with  retention  of  immunogenic  activity. 

(3)  The  production  of  temperature  sensitive  mutants  of  M.  pneumoniae  with 
reduced  virulence  for  man  may  lead  to  the  development  of  a  safe  effective 
live  attenuated  vaccine  for  this  important  respiratory  tract  pathogen. 

(4)  A  better  understanding  of  the  manner  in  which  M.  pneumon  iae  produces 
tissue  damage  in  man  may  lead  to  non-immunoprophy lact ic  approaches  to  the 
prevention  of  respiratory  tract  disease  caused  by  this  organism.   In  any 
case,  elucidation  of  the  pathogenesis  of  M.  pneumoniae  disease  should  prove 
helpful  in  understanding  and  predicting  the  pathogenic  mechanisms  of  other 
mycoplasmas. 

Proposed  Course  of  Study:   A  number  of  diseases  will  be  studied  for  a  pos- 
sible role  of  mycoplasmas  in  their  etiology  or  perpetuation.   Nutritional 
studies  will  continue  in  an  attempt  to  develop  media  which  will  support 
growth  of  presently  uncu  1 1 ivatable  mycoplasmas.   The  phospholipid  hapten 
of  M.  pneumon  iae  will  be  characterized  until  its  structure  is  completely 
understood.   In  addition,  attempts  to  couple  the  hapten  to  a  protein  carrier 
will  cont  i  nue. 

Genetic  studies  of  M.  pneumoniae  will  be  pursued  in  the  search  for  temper- 
ature sensitive  mutants  with  reduced  virulence  for  man. 
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Project  Description: 

Ob  iect ives;   (I)  To  define  the  serologic  relationships  among  the  human  and 
animal  mycoplasmas.   (2)  To  develop  more  sensitive  and  specific  serologic 
techniques  for  the  measurement  of  antibody  to  mycoplasmas.   (3)  To  employ 
these  techniques  for  the  seroepidemiologic  study  of  diseases  of  obscure 
etiology. 

N|ethods  Employed:   (I)  Mycoplasmas  were  grown  in  artificial  medium,  on  agar 
plates  or  in  broth  suspension.  Specific  antisera  for  the  various  human  myco- 
plasmas were  prepared  in  rabbits  using  strains  which  had  been  cloned  and  then 
adapted  to  growth  in  rabbit  infusion  broth  supplemented  with  rabbit  serum. 
Antisera  to  T-strajn  mycoplasmas  were  prepared  in  guinea  pigs  from  antigen 
grown  in  artificial  medium  which  contained  horse  serum  and  yeast  extract. 
(2)  Metabolic  inhibition  (Ml)  techniques  were  based  upon  a  change  in  pH 
(visualized  by  a  change  in  color  of  phenol  red)  of  the  broth  medium  in  which 
mycoplasnnas  metabolized  glucose,  arginine  or  urea.  Specific  antiserum  inhib- 
ited this  pH  change.  Ml  techniques  were  adapted  to  the  microtiter  system 
thus  permitting  the  testing  of  many  sera.   (3)  Immunof luorescent  staining  was 
performed  with  fluoresce  in-conjugated  horse  ant  I  mycoplasma  sera. 
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Nfe ior  Findings;   ( I )  Serologic  rejatjonships  among  T-strajn  mycoplasmas; 
Thirteen  T-strain  mycoplasmas  v/ere  serologically  compared  with  each  other  and 
with  ail  of  the  recognized  human  large^colony  mycoplasma  species  in  reciprocal 
metabolic  inhibition  tests.  The  T"StraJns  v^ere  found  to  be  serologically 
heterogeneous,  but  more  closely  related  to  each  other  than  to  the  large- 
colony  species.  Furthermore,  the  T-stralns  could  be  grouped  into  four  sub- 
groups on  the  basis  of  their  serologic  reiationshf ps.  On  the  basis  of  these 
findings,  the  T-strain  group  of  mycoplasmas  probably  should  be  collectively 
designated  as  a  new  species.  (2)  jmproved  mefhods  of  preparing  complement- 
fixing  (CF)  antigens  from  mvcopiasmas;  Techniques  developed  by  us  for 
growing  ?nycoplasmas  on  glass  surfaces  have  been  improved  and  applied  to  a 
wide  variety  of  organisms.  Optimum  conditions  of  incubation  and  harvest  for 
all  mycoplasmas  of  human  origin  were  ascertained  and  the  quantity  of  CF 
antigen  present  in  the  organisms  adherent  to  the  glass  surface  and  the  sedi- 
mentable and  soluble  portions  of  the  broth  phase  were  determined.  The  patterns 
of  growth,  adherence  to  glass  and  antigen  production  of  the  mycoplasmas  were 
different  for  different  species.  Potent  specific  antigens  which  are  not 
anticomplementary  were  prepared  by  the  glass  surface  method  for  each  of  the 
human  mycoplasmas  and  for  a  variety  of  animal  mycoplasmas.  (3)  Immuno- 
fluorescent  staining  of  ^j.  ^ngumonja^:  ^j,  pneumoniae  grown  on   glass  cover- 
slips  was  fixed  in  various  ways  and  stained  with  fluoresce  in-conjugated 
antiserum.  Cold  acetone  fixation  was  found  to  be  superior  to  fixation  with 
ethyl  or  methyl  alcohol,  heat  or  giutaraldehyde.  The  results  of  these  and 
other  basic  studies  are   being  applied  to  the  development  of  an  imnrajno- 
fluorescence  test  for  the  rapid  diagnosis  of  M.  pneumoniae  infection.  (4) 
Intratypic  variation  among  mycoplasmas  of  human  origin;  Multiple  isolates  of 
each  species  of  the  mycoplasmas  of  human  origin  were  compared  sef'ologica  My 
for  intraspecies  differences.  Each  species  was  found  to  be  serologically 
heterogeneous,  but  only  ^  hominis  and  J^^  fermentans  were  markedly  so.  To 
determine  if  the  marked  serologic  heterogeneity  of  N'j.  hominis  strains  also 
occurred  in  populations  of  organisms  derived  frotr)   an  isolate,  four  cloned 
populations  of  organisms  were  prepared  from  one  isolate  of  ^   hominis.  and 
antiserum  was  prepared  to  each  of  the  clones.  When  these  four  clones  were 
compared  serologically  they  were  found  to  be  identical.  Thus,  the  majority 
of  the  organisms  present  in  a  culture  derived  from  one  isolate  of  ^ 
hominis  were  serologically  identical,  whereas  different  isolates  exhibit 
serological   heterogeneity. 

In  addition,  a  strain  of  M.  pneumoniae  passaged  319  times  on  artificial 
medium  was  found  to  be  different  from  three  other  strains  of  ^j.  pneumoniae. 
Early  passage  levels  of  the  serologically  distinguishable  M.  pneumoniae 
strain  are  being  examined  to  determine  if  the  observed  serological  difference 
was  intrinsic  or  the  result  of  rrejltipie  passages  In  artificial  medium.  This 
study  has  implications  for  the  selection  of  seed  strains  for  M.  pneumoniae 
vaccines.   (5)  f^chanism  of  action  of  mgtabolism  inhibiting  antibody;  Our 
finding  that  immune  inhibition  of  mycoplasmas  in  broth  medium  is  complement- 
dependent  has  been  studied  more  extensively.  Similar  complement-dependent 
antigen-antibody  reactions  that  occur  at  ceii  membrane  surfaces  ({.e.^immune 
heiTiolysis,  immune  cytoiysis)  result  in  the  foriration  of  an  80  to  100  A  "hole" 
at  each  site  of  antigen-antibody-complement  interaction.  Mycoplasmas 
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probably  are  inactivated  by  a  similar  mechanism  and  electron  microscopic 
studies  are  underway  to  test  this  hypothesis. 

Other  studies  have  dealt  with  improvements  in  the  metabolic  inhibition 
technique.  More  sensitive  methods  of  measuring  metabolism-inhibiting  antibody 
have  revealed  antibody  to  several  mycoplasmas  in  the  horse  serum  used  in  the 
preparation  of  mycoplasma  medium  and  in  the  guinea  pig  serum  used  as  a  source 
of  complement  in  metabolic  inhibition  tests.  On  the  basis  of  these  findings 
new  media  free  of  antibody  are   being  developed.   (6)  Seroepidemjology  (a) 
Normal  antibody  patterns:  Patterns  of  metabolism  inhibiting  antibody  to 
mycoplasmas  of  human  origin  in  sera  from  persons  of  all  ages  have  been  studied, 
Antibody  to  the  mycoplasmas  was  distributed  in  the  population  in  patterns 
which  were  different  for  different  mycoplasmas.  The  significance  of  these 
findings  in  relation  to  our  knowledge  of  acute  and  chronic  mycoplasma 
infections  of  animals  and  man  is  being  studied,   (b)  Seroepidemioloqic  studv 
of  the  role  of  t^.    hominis  in  septic  abortion:  A  study  of  the  serologic 
response  to  mycoplasmas  of  patients  undergoing  septic  abortion,  spontaneous 
nonseptic  abortion  and  normal  term  delivery  suggested  an  etiologic  association 
of  [J\.    hominis  with  septic  abortion.  An  association  between  other  mycoplasmas 
and  septic  abortion  or  between  any  mycoplasma  and  nonseptic  abortion  could 
not  be  demonstrated.  These  serologic  techniques  were  in  agreement  with  the 
results  of  mycoplasma  isolation  studies  on  the  same  patients.  This  study  was 
carried  out  in  collaboration  with  Dr.  Herbert  Harwick,  University  of  Michigan. 

Significance  of  the  Program  to  the  Institute:  The  role  of  most  mycoplasmas 
in  human  disease  is  still  poorly  understood.   Information  gained  from  basic 
studies  of  mycoplasma  serology  and  epidemiology  is  often  directly  applicable 
to  practical  problems  such  as  the  development  of  a  vaccine  to  M.  pneumoniae. 
Furthermore,  the  confirmation  that  mycoplasmas  can  be  etiologic  agents  of 
septic  abortion  is  important  to  our  understanding  of  this  disease. 

Proposed  Course  of  Study:  Seroepidemiologic  studies  will  be  extended  to  other 
illnesses  of  possible  mycoplasma  etiology. 


Honors  and  Awards: 

Invited  speaker  to  X| I  International  Congress  of  Pediatrics,  to  be  held 
December  1-7,  1968,  Mexico  City,  Mexico. 

Temporary  advisor  to  WHO  at  Mycoplasma  Reference  Conference,  October^  1967, 
Geneva,  Switzerland. 

Invited  address  to  Third  Nuffield  Conference  on  Rheumatism,   Paper  presented: 
Mycoplasmas  and  Rheumatoid  Arthritis  by  Robert  H.  Purcell,  John  L.  Decker  and 
Robert  M.  Chanock,  Held  on  April  11-12,  1967,  Ditchley  Park,  Oxfordshire, 
Eng land . 
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4/12 


Other  NIH 
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Project  Description: 

Ob  iectives:  ( I )  To  col lect  c 
for  use  in  laboratory  studies 
procedures  and  animal  systems 
hepatitis. 


inical  material  of  high  potential  infectivity 

(2)  To  develop  and  test  new  jji  vitro 
for  use  in  laboratory  studies  of  viral 


Njethods  Employed;   (I)  Clinical  materials  were  collected  from  patients  under- 
going major  heart  surgery  at  NIH  as  described  below.   (2)  Primary  human 
embryonic  liver  explants  were  maintained  as  organ  cultures  for  periods  of  up 
to  two  weeks.   (3)  White-lipped  marmosets  were  conditioned  and  maintained  in 
isolation  at  Bionetics  Research  Laboratories,  Kensington,  Maryland. 

Ma  lor  Findings :   (I)  Epidemiology:   Early  studies  of  hepatitis  indicated 
that  the  most  infectious  period  occurred  prior  to  the  appearance  of  jaundice. 
Serum  specimens  collected  at  that  time  would  therefore  be  the  most  likely  to 
yield  viruses  for  cultivation.  However,  almost  all  field  cases  of  hepatitis 
are  diagnosed  after  jaundice  appears  and  are  therefore  less  desirable  for 
collection  of  specimens. 
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Patients  who  have  undergone  major  heart  surgery  comprise  a  special  high  risk 
group  for  hepatitis.  The  risk  of  contracting  hepatitis  (probably  a  mixture 
of  infectious  and  serum  hepatitis)  is  directiy  proportional  to  the  number  of 
units  of  blood  administered.  Thus,  many  patients  undergoing  cardiac  valve 
replacement  at  NIH  (and  who  received  as  many  as  20  to  30  units  of  blood) 
develop  hepatitis  during  the  postoperative  period.  This  group  of  patients 
constitutes  an  ideal  source  of  potentially  Infectious  clinical  material  and 
epidemiologic  data. 

Although  patients  undergoing  heart  surgery  at  NIH  come  from  al i  over  the 
world,  a  significant  proportion  live  in  the  Washington  and  New  York  City 
metropolitan  areas,  ft  was  feit  that  follow-up  of  patients  from  these  two 
areas  would  yield  the  greatest  amount  of  material  with  the  least  expense. 

Mrs.  Woodj  our  staff  epidemiologic  nurse,  has  followed  heart  surgery  patients 
from  the  Washington  area.  To  follow  patients  from  New  York  and  New  Jersey  a 
resident  physician  affiliated  with  one  of  the  New  York  City  hospitals  was 
employed  under  a  contract,  fvjore  recently  other  selected  patients  have  been 
followed  by  Or.  John  Walsh,  an  Epidemic  Intelligence  Service  Officer  assigned 
to  the  blood  bank,  NIH. 

The  method  of  following  patients  was  as  follows:  all  patients  from  the  two 
surveillance  areas  were  evaluated  for  suitability  for  inclusion  in  the  study. 
The  following  criteria  for  Inclusion  were  employed:  (a)  patients  were  at 
least  21  years  of  age,  (b)  major  complications  did  not  occur  following 
surgery,  (c)  patients  were  accessable  within  the  surveillance  area  and  were 
fully  cooperative  and,  finally,  (d)  concurrence  of  the  NHI  heart  surgery 
group.  Patients  were  bled  prior  to  surgery  and  at  weekly  intervals  for  two 
months  following  surgery,  then  at  monthly  intervals  for  an  additional  4 
months.  A  blood  specimen  was  also  obtained  after  one  year.  Forty  ml  of 
blood  were  obtained  at  each  bleeding,  and  serum  was  stored  at  -TCC.  Serum 
specimens  collected  in  New  York  were  shipped  to  NIH  at  monthly  intervals. 
Levels  of  SGO  and  SGP  transaminase  were  determined  on  aliquots  of  all  sera. 
Abnormal  transaminase  levels  persisting  for  more  than  one  week,  and  not 
related  to  cardiac  failure  or  other  obvious  causes,  were  considered  indicative 
of  hepatitis.  The  patient's  local  physician  was  notiffedj  and  The  patient 
was  questioned  about  his  illness  when  elevated  transaminase  levels  were 
found.  To  date  65  patients  have  been  intensively  studied.  Approximately  20 
more  are  now  being  followed.  In  the  group  of  56  patients,  3!  persons  have 
developed  hepatitis  as  determined  by  rises  in  serum  transaminase  values 
(attack  rate=47^).  Of  the  31  patients  with  hepatitis,  9  (29^)  were  jaundiced. 
The  mean  period  between  heart  surgery  and  first  documented  elevation  in 
transaminase  In  patients  with  hepatitis  was  approximately  nine  weeks.  When 
the  relationship  between  the  source  of  blood  used  at  time  of  surgery  and  the 
development  of  hepatitis  was  studied  it  was  found  that  24  of  42  (57^)  persons 
who  received  predominantly  (85?)  commercially  obtained  blood  developed 
hepatitis  whereas  only  one  of  12  (8^)  persons  who  received  predominantly 
(85^)  blood  from  volunteers  developed  hepatitis.  Such  a  difference  in  attack 
rates  between  the  two  groups  was  highly  statistically  significant.  Thus,  we 
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have  confirmed  that  the  use  of  commercially  obtained  blood  carries  a  much 
higher  risk  of  hepatitis  than  does  the  use  of  blood  from  volunteer  sources. 
(2)  Studies  of  hepatitis  in  marmosets:  Deinhardt  reported  the  successful 
transmission  of  hepatitis  from  man  to  marmosets.   |n  an  effort  to  confirm 
Deinhardt's  findings  we  established,  under  contract,  a  colony  of  white- 
lipped  and  cotton-topped  marmosets.  Conditioned  marmosets  were  inoculated 
with  serum  from  patients  with  infectious  and  transfusion  hepatitis  and  with 
pooled  serum  proven  to  produce  hepatitis  in  human  volunteer  studies  conducted 
by  Dr.  Saul  Krugman.   We  failed  to  detect  evidence  of  hepatitis,  as  measured 
by  elevation  of  SGO  transaminase  or  isocitric  dehydrogenase  enzyme  levels  or 
by  light  or  electron  microscopy  of  liver  biopsies  In  three  separate  studies. 
These  negative  results  are  in  agreement  with  the  results  of  others.   (3)  |n 
vitro  studies;   Fetal  human  liver  tissue  was  obtained  within  six  hours  of 
spontaneous  or  therapeutic  abortion.  Such  tissue  was  cultured  as  tissue 
explants  in  petri  plates.  Those  cultures  appearing  viable  were  inoculated 
with  serum  from  hepatitis  patients,  then,  seven  days  later,  challenged  with 
poliovirus.   Two  to  three  days  later  the  culture  fluids  were  harvested  and 
tested  for  level  of  poliovirus  replication  using  monkey  kidney  tissue 
culture.  When  sera  from  hepatitis  patients  and  controls  were  compared  in 
such  a  manner,  no  evidence  of  an  interfering  agent  was  obtained.  Furthermore, 
subsequent  microscopy  of  the  fetal  liver  tissue  fixed  at  the  time  cultures 
were  prepared  and  at  intervals  thereafter  revealed  that  little  if  any 
parenchymal  tissue  was  viable,  even  at  the  time  cultures  were  prepared. 
Despite  this,  poliovirus  multiplied  to  high  titer  in  the  explants,  presumably 
in  the  stromal  tissue. 

Significance  of  the  Program  to  the  Institute;  Hepatitis  represents  one  of 
the  major  unsolved  infectious  disease  problems.  The  present  program  is  con- 
sistent with  the  Institutes  mission  in  that;   (I)  The  sera  from  heart  surgery 
patients  constitutes  perhaps  the  only  recent  collection  of  material  which 
includes  pre-exposure  and  serial  pre-icteric  specimens  from  adults.   Most  of 
the  sera  collected  during  earlier  volunteer  studies  have  been  exhausted  and 
additional  volunteer  studies  with  hepatitis  material  to  generate  virus  con- 
taining specimens  are  not  justified  for  ethical  reasons;  (2)  the  recovery  and 
characterization  of  hepatitis  viruses  and  the  subsequent  development  of 
vaccines  is  ultimately  dependent  upon  the  availability  of  specimens  which  have 
a  high  probability  of  containing  these  viruses. 

Proposed  Course  of  Study;  We  plan  to  continue  our  collection  of  sera  from 
heart  surgery  patients  and  to  investigate  new  tissue  culture  or  in  vivo 
systems  which  appear  promising. 
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Project  Description: 

Object  Ives :  To  develop  temperature  sensitive  conditional  lethal  mutants  of 
rhinoviruses  for  potential  use  in  a  live  attenuated  vaccine. 

Methods  Employed:   |n  genetic  studies  rhinoviruses  are  grown  in  human  diploid 
cell  culture  and  then  purified  by  3  successive  plaque  to  plaque  passages. 
Virus  is  then  grown  in  the  presence  of  10"^ •°  to  10"^ -^  5-f luorour idine. 
Treated  virus  as  well  as  parental  virus  are  then  tested  for  plaquing  efficacy 
at  a  low  (32°C)  or  permissive  temperature  and  at  a  high  (37'  or  38*C)  or 
restrictive  temperature.  Those  plaque  isolates  from  the  treated  virus 
population  which  produce  plaques  only  at  the  low  or  permissive  temperature 
respresent  the  desired  temperature  sensitive  mutants. 

Nja  ior  Findings:  Cloned  rhinovirus  type  13  was  found  to  have  a  relatively 
broad  range  for  plaque  formation  in  human  diploid  (WI-38)  cell  cultures — 
plaquing  efficiency  was  relatively  high  over  a  range  extending  from  32°  to 
38°C. 5-f luorour idine  at  a  concentration  of  10"^'"  produced  a  100-fold 
suppression  of  rhinovirus  growth  at  SO'C  while  10"  '^  concentration  produced 
a  50-fold  suppression  in  virus  replication.  The  virus  population  which  grew 
in  the  presence  of  10"^ •°  5-f luorour id ine  appeared  to  differ  from  the  parental 
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virus  with  respect  to  plaque  formation  at  the  permissive  (32°C)  and  restrictive 
(37°  or  38°C)  temperatures.   Parental  virus  produced  plaques  equally  well  at 
the  two  temperatures,  whereas  the  plaque  titer  of  the  treated  virus  was  10-fold 
higher  at  the  permissive  temperature.   This  encouraging  finding  is  being 
followed  up  and  the  plaque  progeny  of  the  treated  virus  are  being  characterized 
as  to  growth  at  the  permissive  and  restrictive  temperatures. 

Significance  of  the  Program  to  the  Institute;   Rhinovi ruses  represent  the  most 
common  cause  of  common  cold  illness  in  adults.   The  use  of  a  chemical  mutagen 
to  produce  discrete  genetic  changes  leading  to  the  production  of  temperature 
sensitive  conditional  lethal  mutants  represents  a  rational  approach  to  the 
problem  of  developing  a  live  attenuated  vaccine. 

Proposed  Course  of  Study;  The  progeny  of  the  5-f luorour idine  treated  virus 
will  be  characterized  in  an  attempt  to  demonstrate  the  presence  of  the  desired 
temperature  sensitive  mutants. 
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PROJECT  DESCRIPTIC^I 

Objectives: 

(1)   To  develop  an  organ  culture  system  utilizing  iris  tissue. 
(2)   To  support  and  study  viral  growth  in  an  iris  organ  culture 
system.   (3)   To  determine  if  human  iris  organ  cultures  can  elicit 
growth  of  the  "pathogen"  in  idiopathic  human  uveitis. 

Methods  Employed: 

Many  species  of  rabbits  were  sacrificed,  and  their  eyes  enucleated 
immediately.   The  iris  tissue  was  separated  and  cut  into  small  2X2mm. 
blocks.   These  small  blocks  of  iris  explants  were  placed  into  petri 
dishes  and  maintained  with  L15  media. 

Herpes  Simplex  Virus,  Adenovirus  Type  5,  and  Poliovirus  Type  1 
were  inoculated  into  the  dishes  of  iris  explants.   The  media  fluid 
was  changed  and  harvested  every  other  day,  and  the  viral  growth  curves 
were  studied . 

Eyes  vrere  obtained  from  human  fetuses  (6  months  to  term  in 
gestation)  after  autopsy,  and  the  iris  tissue  was  similarly  processed 
for  maintainance  of  organ  cultures. 


S' 
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Major  Findings; 

The  Chinchilla,  Dutch  Belted,  and  Albino  rabbit  iris  tissue 
can  be  successfully  maintained  as  small  explants  in  an  organ  culture 
system. 

Herpes  Simplex  Viral  Growth  can  be  supported  in  this  system  for 
varying  periods  of  time:   Chinchilla  iris  -  46  days,  Dutch  Belted  iris- 
25  days.  Albino  iris  -  28  days. 

Adenovirus  T5  arid  Poliovirus  Tl  grew  poorly  in  rabbit  iris  organ 
cultures. 

Since  the  period  for  processing  the  human  iris  tissue  was  longer 
than  for  the  rabbit  tissue,  maintainance  of  the  human  tissue  could 
not  be  achieved  due  to  the  autolysis  of  the  tissue. 


SIGNIFICANCE  OF  PROGRAM  TO  INSTITUTE 

(l)The  understanding  of  the  growth  of  various  viruses  in  iris  organ 
tissue.   (2)   The  continued  search  for  a  "pathogen"  in  human  idiopathic 
uveitis . 


PROPOSED  COURSE  OF  STUDY 

Objectives; 

(1)  To  obtain  human  iris  tissue  that  is  still  viable.  (2)  To 
obtain  anterior  chamber  specimens  from  the  eyes  of  humans  with  acute 
uveitis,  and  inoculate  these  specimens  into  human  iris  organ  cultures. 

HONORS  AND  AWARDS:  None 

PUBLICATIONS:   None 
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Project  Title:   Studies  of  the  Adenov irus-Assoc iated  Viruses  (AAV). 

Previous  Serial  Number:   SAME 

Principal  Investigator:   Dr.  M.  David  Hoggan 

Other  Investigators:   Drs.  Neil  R.  Blacklow  (NCI)  and  Wallace  P.  Rowe 

Cooperating  Units:   Drs.  James  Rose  and  Aaron  Shatkin  (LBV,  NIAID) 

Man  Years: 

NIAID       Other  NIH     Guest 
Lab.  Staff    Personnel    Workers     TOTAL 


Total: 

15/12 

20/12 

0 

35/12 

Professional : 

15/12 

1  1/12 

0 

26/12 

Other: 

0 

9/12 

0 

9/12 

Project  Description: 

Ob  iect  i ves:   To  study  the  biological,  immunological,  biophysical,  biochemical 
and  genetic  properties  of  the  adenovirus-assoc iated  viruses  as  well  as  study 
the  natural  history  and  the  inter-relationships  between  the  various  AAV  and 
their  adenovirus  helpers. 

Methods  Employed:   Standard  virological  procedures  including  complement- 
fixation,  infectious  titers  in  cell  culture  with  helper  virus,  immunofluo- 
rescent  assay,  immunodiffusion,  electron  microscopic  examination,  density 
gradient  purification,  ultra-filtration  concentration,  and  DNA-RNA  in  vitro 
homology  techniques. 

Major  Findings:   The  AAV  are  small  defective  DNA  viruses  that  will  not 
replicate  in  cell  culture  in  the  absence  of  adenovirus.   Based  on  complement- 
fixation  reactions  with  antiserums  made  against  various  purified  AAV 
preparations,  AAV  have  been  divided  into  4  distinct  types  or  groups. 
However,  based  on  reactions  between  synthetic  complementary  RNA  and  DNA 
with  various  AAV,  a  number  of  the  AAV  strains  can  be  further  divided  into 
substrains.   If  early  AAV  serum  is  used  for  neutralization  the  serological 
data  correspond  to  the  homology  data. 


ill 


Serial  No,  NIAID  71  A 

Although  the  natural  history  of  AAV  is  not  completely  known,  types  2  and  3 
(and  mixtures  of  these  2  types)  have  been  isolated  from  throat  and  stool 
specimens  from  a  group  of  institutionalized  children.   Further,  between 
50  and  70  percent  of  young  adults  have  developed  antibodies  against  types  I, 
2  and  3.   It  therefore  seems  probable  that  these  represent  human  strains. 
In  contrast,  AAV-4  can  be  repeatedly  isolated  from  African  Green  monkey 
cell  culture  if  competent  adenovirus  is  added.   in  addition,  some  colonies 
of  African  green  monkeys  show  as  high  as  61%    incidence  of  neutralizing 
antibodies  to  AAV-4.  These  data  strongly  suggest  that  strains  of  AAV-4  are 
African  green  monkey  in  origin. 

As  mentioned  above,  AAV-2  and  3  have  been  isolated  from  children  in  the 
Junior  Village  population,  and  an  intensive  study  of  the  children  during  an 
8-week  period  has  shown  that  AAV  can  spread  in  epidemic  proportions.   For 
example,  26^  of  93  children  were  infected  during  this  period  with  either 
AAV-2  or  3.  Nearly  all  AAV  isolates  were  accompanied  by  adenovirus  isolates, 
suggesting  a  close  relationship  in  vivo  between  AAV  and  adenovirus.  No 
correlation  between  illness  and  isolation  could  be  found. 

A  total  of  6  strains  of  AAV  have  been  purified  in  sufficient  quantities  to 
prepare  DNA  and  synthetic  complementary  RNA  for  detailed  study  of  their 
genetic  relatedness.  The  amount  of  genetic  relatedness  between  heterologous 
types  has  been  estimated  to  be  between  21-51%. 

Using  AAV- I  and  AAV-2  it  has  been  possible  to  detect  messenger  RNA  in  various 
infected  cells  only  when  such  AAV  infected  cells  are  co-infected  with 
adenovirus. 

Attempts  to  initiate  transformation  with  purified  AAV  preparations  have  not 
been  successful  even  though  preliminary  attempts  with  heated  crude  prepara- 
tions appeared  to  cause  some  morphological  changes  in  cell  cultures. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
AAV's  represent  a  completely  unique  phenomenon  in  animal  virology  -  a  virus 
group  which  appears  to  be  absolutely  dependent  on  another  virus  for  its 
maintenance  in  nature.   As  such,  determination  of  its  natural  history 
presents  a  challenging  problem.   Because  of  the  pathogenic  and  potential 
oncogenic  effects  of  adenoviruses,  it  is  important  to  clarify  the  clinical 
importance  of  simultaneous  AAV-adenov irus  infections. 

Proposed  Course  of  the  Pro  iect;   Continued  studies  are  in  progress  to 
further  delineate  the  mechanisms  of  the  block  in  AAV  infection,  the  inhibitory 
action  AAV  has  on  adenovirus  infection,  and  the  reduction  it  causes  in  the 
oncogenic  potential  of  adenovirus. 
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Publ ications: 

Blacklow,  N.R,,  Hoggan,  M.D.,  and  Rowe,  W.P.:   Immunof I uorescent  studies 
of  the  potentiation  of  an  adenovirus-assoc iated  virus  by  adenovirus  7. 
J.  Exp.  Med.  125:  755-765,  1967. 

Biacklow,  N.R.,  Hoggan,  M.D.,  and  Rowe,  W.P.:   isolation  of  adenovirus- 
associated  viruses  from  man.  Proc.  Nat.  Acad.  Sci.  58:  I4I0-I4I5,  1967. 

Blacklow,  N.R.,  Hoggan,  M.D.,  and  Rowe,  W.P.:   Serologic  evidence  for  human 
infection  with  adenovirus-assoc iated  viruses.   J.  Nat.  Cancer  Inst.  40: 
319,  1968. 

Rowe,  J. A.,  Hoggan,  M.D.,  Koczot,  F.,  and  Shatkin,  A. J.:   Genetic  related- 
ness  studies  with  adenovirus-assoc iated  viruses.   Federation  Proc.  27: 
615,  1968. 
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PHS-NIH 
Individual  Project  Report 
July  1,  1967  through  June  30,  I968 

Title:  Studies  of  indigenous  viruses  of  mice  and  other  species  with 

special  reference  to  their  importance  as  extraneous  vinases  in 
mouse  tumor  systems. 

Previous  Serial  Number:  Same 

Principal  Investigator:  Dr.  Wallace  P.  Rowe 

Other  Investigators:  None 

Cooperating  Units:  Microbiological  Associates  (Dr.  John  Parker)  on 
Contract  No.  PH^3-67-700;  Baltimore  Biologic 
Laboratories  (Dr.  Roger  Wilsnack)  on  Contract 
No.  PHU3-62-4U8;  Dr.  Howard  Igel,  NCI. 

Man  Years:         NIAID      Other  NIH     Guest 

Lab .  Staff    Personnel    Workers     TOTAL 

Total:  1/12        1/12        0         2/l2 

Professional:      l/l2        l/l2        0         2/l2 
Other:  0  0  0         0 


Project  Description: 

Objectives;  To  study  the  properties  and  natural  history  of  viruses  of 
laboratory  animals  and  man,  with  particular  regard  to  their  effects  on 
tumor  virus  study  systems  and  the  biology  of  cancer. 

Methods  Employed:  Standard  virologic  and  epidemiologic  procedures  for 
detection  and  characterization  of  viruses,  using  serologic,  tissue  culture, 
and  animal  tests;  electron  microscopy. 

Major  Findings:  LCM  Virus.   Chronic  infection  of  hamsters  inoculated  as 
newborns  has  been  found  to  result  in  severe  late  disease  similar  in  some 
respects  to  that  described  by  others  in  chronically  infected  mice. 
The  hamsters  develop  a  chronic  viremia  without  significant  signs  of 
disease  until  about  20  weeks;  at  this  time,  half  of  the  animals  mount 
an  immune  response,  become  non-vireraic,  and  remain  healthy.  The  other 
animals  remain  vircnic  and  develop  clinical  disease,  often  fatal, 
characterized  histologically  by  glomerulonephritis  (both  proliferative 
and  membranous)  and  disseminated  vasculitis.  The  vasculitis  is  variable 
in  extent  and  distribution,  but  particularly  affects  arteries  in  the 
pancreas,  uterus  and  heart. 
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Vertical  (transuterine  or  transovarian)  transmission  of  the  virus  was 
obtained  in  the  viremic  hamsters,  but  after  two  generations  reproductive 
performance  became  so  impaired  due  to  the  disease  that  the  carrier 
colony  could  not  be  perpetuated. 

LCM  contajmination  was  encountered  by  Dr.  Parker  in  the  L1210  mouse  tumor 
line  used  by  the  Cancer  Chemotherapy  program;  the  infection  had  been 
disseminated  to  several  laboratories  by  shipment  of  this  tumor  prior 
to  its  testing. 

Mouse  Hepatitis  Virus  Group;  Several  years  ago  we  reported  that  humans 
have  CF  and  neutralizing  antibodies  to  mouse  hepatitis  viruses,  but  the 
nature  of  the  h\iman  agent  was  unknown.  We  have  now  assisted  Drs.  Mcintosh 
and  Chanock  of  LVD  in  showing  that  their  new  respiratory  agents  isolated 
in  tracheal  organ  culture  are  antigenically  similar  to  MHV. 

We  had  also  reported  that  laboratory  rats  have  MHV  antibody,  again 
without  a  known  causative  agent.  Dr.  Parker  has  now  been  able  to 
detect  an  agent  in  rat  lungs  which  induces  antibody  response  to  MHV. 
Thus,  there  may  be  a  rat  model  for  the  new  human  respiratory  virus  group. 

Significance  to  Biomedical  Research  and  to  the  Program  of  the  Institute; 
Because  of  the  importance  of  the  mouse  in  biomedical  research,  knowledge 
of  its  viral  flora  and  how  the  flora  may  affect  experimental  systems  is 
of  real  importance.   Our  murine  virus  program  has  resulted  in  development 
of  standard  diagnostic  procedures  which  are  being  increasingly  used  by 
experimental  laboratories  and  mouse  breeders.   Also,  marine  vir^ases 
provide  the  moat  convenient  ;aodel  systems  for  study  of  natural  history  of 
viruses,  and  provide  some  highly  unique  systems  for  study  of  host-parasite 
relationships. 

The  hamster  LCM  system  may  provide  an  important  model  for  study  of  virus- 
induced  autoi'fii.ranG  type  disease. 

Proposed  Course  of  the  Project;  Dr.  Rowe  will  continue  to  direct  the  murine 
virus  contracts.   Particular  emphasis  will  be  placed  on  detailed 
immunologic  study  of  the  hamster  LCM  disease  and  on  developing  a  tissue  or 
organ  culture  method  for  detecting  the  rat  MHV  group  virus. 

Publications; 

Parker,  J.  C.  and  Reynolds,  R.  K. :  The  natural  history  of  Sendai  virus 
infection  in  mice.  Am.  J.  Epidem. ,  in  press. 
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Project  Title:   Studies  of  Mouse  Leukennia  Viruses. 

Previous  Serial  Number:   SAME 

Principal  I nvest igator (s) :   Janet  W.  Hartley,  Ph.D.,  Wallace  P.  Rowe,  M.D., 

and  Robert  J.  Huebner,  M.D. 

Otiier  Investigators:   Vaclav  Klement,  M.D.  (WHO  Fellow),  Clyde  Crurnpacker,  M.D. 
and  Jay  Levy,  M.D.  (NCI) 

Cooperating  Units:   Dr.  Miriam  Finkel,  Argonne  National  Laboratories; 
Drs.  Hans  Meier  and  David  Myers,  Jackson  Memorial 
Laboratory;  Drs.  Johng  Rhini,  Padman  Sarma,  Robert  Peters, 
Gerald  Spahn  and  Aaron  Freeman,  Microbiological  Associates; 
Dr.  Richard  Tyndall,  Oak  Ridge  National  Laboratories; 
Dr.  Roger  Wilsnack,  Baltimore  Biological  Laboratory. 

Man  Years:           NIAID  Other  NIH  Guest 

Lab.  Staff  Personnel  Workers  TOTAL 

Total:               /I2          0  12/12  60/12 

Professional:       22/12          0  12/12  54/12 

Other:             26/12          0  0  26/12 


Project  Description: 

Object i ves:   To  establish  virus  isolation  procedures  of  optimal  sensitivity 
for  vai-ious  strains  of  murine  leukemia  and  sarcoma  viruses,  to  study  the 
natural  history  of  infection  with  these  agents,  and  to  study  the  biologic 
and  serologic  properties  of  murine  sarcoma  virus  strains  and  laboratory 
pseudotypes . 

Methods  Employed:   Complement  fixation;  tissue  culture  assay  procedures, 
using  complement  fixing  antigen  induction  and  quantitative  focus  production 
techniques;  tumor  induction  in  mice,  hamsters,  and  rats;  fluorescent  antibody, 
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Major  Findings:   Isolation  and  natural  history  of  murine  leukemia  viruses 
(MuLV).   By  testing  for  development  of  MuLV  group  reactive  CF  antigen  in 
infected  mouse  embryo  tissue  cultures  (COMuL  test),  approximately  175  isolates 
have  been  obtained  from  12  strains  of  mice,  including  normal  animals  and 
those  with  leukemia  and  other  tumors.  Representative  isolates  in  most 
categories  have  been  tested  for  serologic  type  and  shown  to  be  neutralized 
by  Gross  Passage  A  and  AKR  leukemia  rat  antisera,  but  not  by  antisera 
specifically  neutralizing  the  Friend,  Moloney  and  Rauscher  serologic  types. 

The  frequency  of  virus  recoverable  in  tissue  culture  from  mouse  strains  with 
high  incidence  of  spontaneous  leukemia  (AKR,  C58,  C3H/Fg)  was  85^  or  greater 
in  tests  of  normal  fetuses,  newborns,  weanlings  and  adults,  as  well  as 
leukemias.  The  majority  of  tests  of  leukemic  and  normal  adult  RF  and  SJL 
mice  (moderate  leukemia  incidence)  were  positive;  a  small  number  of  weanling 
specimens  were  negative.   Of  normal  adults  from  low  incidence  strains  C3H/HeN 
and  Bi,  BALB/c,  CFW,  CF-1,  and  DBA,  \0%   to  63^  were  positive,  the  overall 
frequency  being  59%;     \5%   of  fetuses  were  positive  but  no  virus  was  recovered 
from  weanlings.   Normal  mice  of  three  additional  low  incidence  strains  (NIH 
Swiss,  ALB/2  Swiss,  and  NZB)  have  been  consistently  negative  for  virus, 
although  CF  antigen  is  present  in  some  specimens;  similar  results  were  ob- 
tained with  several  irradiation- induced  leukemias  in  NIH  mice. 

Most  field  strains  of  MuLV,  from  spontaneous  and  induced  leukemia  and  from 
normal  mice  including  BALB/c,  are  recoverable  in  NIH  embryo  cell  cultures 
but  not  in  BALB/c  embryo  cultures.   J^n  contrast,  it  has  been  found  that 
virus  present  in  the  majority  of  BALB/c  leukemias  and  other  tumors  grow 
preferentially  in  BALB/c  embryo.   A  similar  tropism  for  BALB/c  of  C57B1 
origin  virus,  which  does  not  grow  in  NIH  cell  cultures,  has  been  detected. 
Negative  virus  isolation  results  may  therefore  indicate  only  that  a  sensitive 
cell  system  has  not  been  found. 

The  role  of  leukemia  virus  in  immunologic  disease,  such  as  that  occurring 
in  NZB  mice,  is  being  investigated.   Preliminary  studies  by  Dr.  Crumpacker 
suggest  that  complexes  of  MuLV  antigen  and  antibody  are  formed.   The 
failure  thus  far  to  recover  virus  in  tissue  culture  may  be  due  to  binding 
of  virus  with  antibod/,  or  to  the  lack  of  a  sensitive  cell  culture  assay 
system. 

Murine  sarcoma  viruses  (MSV).   Kirsten-MSV  (K-MSV).   Dr.  Klement  has  demon- 
strated that  the  sarcomagenic  virus  recovered  by  Dr.  Werner  Kirsten  after 
passage  of  a  murine  erythroblastosis  virus  in  rats  will  induce  typical  MSV 
foci  in  tissue  culture  and  that  tumor  and  tissue  culture  virus  stocks  are 
apparently  non-defective.   Hamsters  inoculated  with  K-MSV  develop  tumors 
which,  like  hamster  tumors  induced  by  Moloney  sarcoma  virus  (M-MSV),  are 
virus-free  but  contain  sarcoma  virus  genetic  information.   Focus-forming 
virus  is  produced  when  hamster  tumor  cells  are  co-cultivated  with  mouse 
embryo  cells  in  the  presence  of  MuLV  helper.   K-MSV  is  not  neutralized  by 
standard  FMR,  Gross  Passage  A,  and  AKR  virus  rat  antisera,  suggesting  that 
it  may  be  a  new  serotype. 
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Moloney  M5V  (M-MSV).   Studies  on  liost-celi  resistance  are  being  carried  out 
in  BALB/c  and  NIH  Swiss  METC  and  newborn  mice,  using  pseudotypes  prepared 
with  NIH-tropic  and  BALB/c-trop ic  i^uLV  isolates.   Preliminary  results  in- 
dicate that  the  tissue  culture  tropism  is  reflected  in  sensitivity  or 
resistance  of  mice  to  sarcoma  induction. 

Dr.  Levy  is  deriving  cloned  populations  from  the  M-MSV  hamster  tumor  cell 
line  (MSV  HT- I )  to  be  used  in  studies  of  the  nature  of  the  genome  integration 
and  rescue. 

Negative  results  were  obtained  by  Dr.  Kiement  in  attempts  to  recover  Rous 
sarcoma  genome  using  murine  leukemia  virus  helper.   The  yield  of  rescued 
sarcoma  virus  in  cultures  of  MSV  HT- I ,  METC,  and  MuLV  helper  was  not  in- 
creased by  fusion  of  cells  with  irradiated  Sendai  virus. 

Homologous  and  heterologous  interference  of  M-M5V  and  Rauscher,  Friend  and 
Gross  Passage  A  MSV  pseudotypes  was  demonstrated  by  Dr.  Sarma  in  tissue 
cultures  infected  with  Moloney,  Rauscher,  Friend  and  Gross  leukemia  viruses. 

Finkel  osteosarcoma  virus  (FBJ  virus).   The  report  by  Dr.  Finkel  of  ceil- 
free  transmission  of  osteosarcoma  in  mice  has  been  confirmed.   All  virus- 
induced  osteosarcomas  have  yielded  by  COMuL  test  a  virus  of  the  MuLV  group, 
serologically  similar  to  Gross  virus.   No  consistent  alteration  in  morphology 
of  infected  tissue  culture  cells  has  been  noted. 

Significance  to  the  Program  and  Biomedical  Research:   The  recognition  of 
factors  critical  to  detection  of  naturally  occurring  murine  leukemia  viruses 
is  of  importance  in  designing  approachesto  the  investigation  of  the  viral 
etiology  of  human  leukemia. 

The  development  and  application  of  sensitive  and  quantitative  virus  assay 
procedures,  together  with  the  identification  of  host  range  variants  isolable 
from  the  same  mouse  strain,  may  provide  an  approach  to  understanding  the 
interactions  of  virus  and  host  genefic  and  immunologic  factors  in  determining 
development  of  leukemia. 

Proposed  Course  of  the  Pro  iect:   Further  study  of  differences  in  host 
sensitivity  will  include  determining  the  fate  of  virus  in  resistant  cells; 
the  ability  of  helper  viruses  of  different  tropisms  to  alter  the  response  of 
cells  sensitive  or  resistant  to  a  given  MSV  pseudotype;  further  studies  of 
in  vivo  sensitivity  to  sarcoma  and  leukemia  induction. 

Continuing  attempts  will  be  made  to  find  tissue  culture  system  sensitive 
for  detecting  indigenous  virus  in  NIH  and  other  thus-far  virus  negative 
strains.   Electron  microscope  examinations  of  tumors  and  tissue  cultures 
will  be  employed  in  addition  to  CF  testing. 

Further  serologic  classification  of  isolates  will  be  carried  out,  and  attempts 
will  be  made  to  produce  homologous  antisera  for  selected  representative 
isolates. 
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In  conjunction  with  Dr.  Wilsnack,  studies  will  be  continued  on  the  evaluation 
of  the  FA  technique  for  quantitation  and  detection  of  MuLV  in  tissue  culture, 
and  its  usefulness  for  direct  detection  of  viral  antigen  in  tissue  impressions 
or  sections. 

Attempts  will  be  made,  using  CF,  FA,  and  virus  isolation  techniques,  to  study 
the  time  course,  distribution,  and  titer  of  indigenous  MuLV  in  pre-leukemic 
and  leukemic  animals. 

Invited  Addresses: 


Dr.  Rowe:  Ammerican  Association  of  Immunologists; 
Yale  Un  ivers  ity 

Dr.  Hartley:   University  of  Michigan  National  Academy  of  Sciences  Autumn 
Meeting. 

Pub  I icat ions: 


Hall,  W.T.,  Hartley,  J.W,,  and  Sanford,  K. :   Characteristics  of  and  relation- 
ship between  C~particles  and  intrac isternal  A-particles  in  cloned  cell  strains, 
J.  Virology,  in  press. 

Sarma,  P.S.,  Cheong,  M.P.,  Hartley,  J.W.,  and  Huebner,  R.J.:  A  viral  inter- 
ference test  for  mouse  leukemia  viruses.   J.  Virology  33:  180-184,  1967. 

Hall,  W.T.,  Andresen,  W.F.,  Sanford,  K.K.,  Evans,  V.G.,  Hartley,  J.W.: 
Virus  particles  and  murine  leukemia  virus  complement-fixing  antigen  in  neo- 
plastic and  non-neop last ic  cell  lines.  Science  156:  85-88,  1967. 
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Project  Title:   Studies  of  viral  antigens  in  virus-induced  tumors. 

Previous  Serial  Number:   S.AMI 

Principal  Invest igatorCs) :  Drs.  Wallace  P.  Rowe  and  Andrew  M.  Lewis  (NCI), 

Other  investigators:   Drs.  Michael  Oxman,  William  Wiese  and  Robert  Huebner, 

Man  Years:  NIAID       Other  NIH 

Lab.  Staff    Personnel    Workers     TOTAL 


Total:  90/12  14/12        0        104/12 

Professional:         42/12  14/12        0        56/12 

Other:  48/12  0         0        48/12 


Project  Description: 

ObJectiv.es:   To  study  the  function  and  significance  of  T  antigens  of  oncogenic 
DMA  viruses,  and  to  attempt  to  apply  them  as  a  tool  in  studies  of  cancer 
etiology;  to  study  the  biology  of  adenov irus-SV40  hybrid  viruses. 

Methods  Employed:  Tissue  culture,  fluorescent  antibody,  complement  fixation, 
serologic  epidemiology,  and  nucleic  acid  homology  techniques. 

Major  Findings:  Adenov irus-SV40  hybrid  viruses.  A  large  amount  of  effort  has 
been  devoted  to  characterizing  clonal  lines  of  Ad  2-SV40  hybrid  viruses  to 
determine  the  degree  of  genetic  heterogeneity  between  different  hybrid  par- 
ticles.  The  most  striking  finding  is  the  detection  of  a  non-defective  hybrid 
(B-89)  virus.  Unlike  all  other  hybrids,  this  virus  does  not  require  normal 
adenovirus  as  a  helper,  but  induces  plaques  in  monkey  cells,  as  well  as  human 
cells,  on  a  one-hit  basis,  and  is  free  of  infectious  non-hybrid  adenovirus 
and  SV40.  This  virus  is  also  exceptional  in  non-producing  the  T  antigen  of 
SV40,  although  the  presence  of  SV40  DNA  in  the  virus  has  been  proved  by 
nucleic  acid  homology  tests. 

In  studies  of  other  clonal  lines  of  the  Ad  2  hybrid,  it  has  been  found  that 
they  fall  into  two  distinct  classes  with  respect  to  the  frequency  with  which 
a  cell  infected  with  a  hybrid  particle  yields  infectious  SV40:   they  either 
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yield  at  high  efficiency  (about  100^)  or  low  efficiency  (about  0.01^).  That 
is,  there  does  not  appear  to  be  a  continuous  spectrum  of  yield  frequencies, 
at  least  with  this  hybrid  population,   Subcioning  of  high  and  low  frequency 
yielders  has  shown  this  to  be  a  genetically  stable  marker.  This  means  that 
with  3  high  yielder,  the  hybrid  particle  can  perpetuate  itself  as  an  adeno- 
virus if  infecting  a  cell  along  with  a  non-hybrid  adenovirus,  but  under 
single-hit  conditions  will  replicate  as  SV40;  the  low  yielder  must  also  contain 
the  entire  SV40  genome,  since  all  hybrid  clones  have  the  capacity  to  yield 
free  SV40,  but  the  event  (either  in  capsidation  or  in  the  singly  infected  cell) 
which  determines  that  the  SV40  pathway  will  be  followed  occurs  only  once  in 
every  10,000  infections. 

In  studies  of  the  formation  of  hybrids  during  joint  replication  of  adenoviruses 
and  SV40,  it  has  been  found  that  hybrids  are  generally  formed  within  a  single 
passage,  but  the  frequency  is  so  low  (of  the  order  of  I  hybrid  per  10^  adeno- 
virus particles  produced)  that  accurate  quantitation  is  not  possible  with 
present  techniques.   In  the  course  of  this  work  a  number  of  new  Ad  7  hybrids 
have  been  obtained  which  differ  in  significant  respects  from  the  standard 
E46  virus.   in  particular,  most  of  the  new  Ad  7  hybrids  are  capable  of 
yielding  free  SV40;  also  some  appear  to  be  linked  to  a  different  segment  of 
the  Ad  7  genome,  since  they  appear  to  induce  different  Ad  7  T  antigens  when 
transcaps idated  to  Ad  2. 

Highly  encouraging  results  have  been  obtained  in  attempting  to  detect  density 
differences  of  the  hybrid  and  non-hybrid  adenovirus  particles  by  means  of 
high  resolution  equilibrium  density  gradient  techniques.   E46+  particles 
have  been  foudn  consistently  to  peak  one  fraction  lighter  than  the  non-hybrid 
Ad  7  particles  in  the  mixture,  while  the  Ad  2  hybrid  particles  band  2  fractions 
lighter.  Preliminary  results  suggest  that  one  of  the  Ad  2  hybrid  clones  is 
heavier  than  the  non-hybrid,  giving  further  evidence  that  the  various  clones 
are  genetically  distinct.  Although  tie  separation  thus  far  achieved  does  not 
offer  promise  for  preparative  separations  for  biochemical  and  physical  analysis, 
it  should  be  useful  for  characterizing  biologic  activity. 

Studies  of  antibodies  to  T  antigens.  We  reported  last  year  that  antibodies 
to  adenovirus  T  antigens  were  readily  detectable  in  human  sera  by  means  of 
the  indirect  fluorescent  antibody  procedure.  Two  main  lines  of  study  have 
been  conducted  to  further  explore  this  finding.  First,  studies  of  the  nature 
and  natural  history  of  these  antibodies  are  essential  for  understanding  their 
significance  in  seroep idemiologic  studies.   Dr.  Wiese  has  found  that  the 
T  antibodies  in  two  human  sera  are  in  the  IgG  fraction  (these  studies  were 
done  with  reagents  supplied  by  Dr.  Jjlius  Kasel,  LCI)  and  that  the  reaction 
on  the  FA  slide  fixes  complement.   He  has  found  that  children  et  Junior  Village 
show  rises  in  T  antibody  to  various  adenoviruses  at  different  times,  and  is 
attempting  to  correlate  these  results  with  virus  isolation  data.   In  adults 
on  whom  serial  sera  spanning  many  years  were  available,  the  T  antibody  pattern 
was  found  to  be  stable,  indicating  either  that  these  antibodies  do  not  have 
the  short  lifespan  seen  with  T  antibodies  in  hamsters  or  that  some  adults 
are  harboring  foci  of  adenovirus  antigens. 
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Controlled  seroep idem io log ic  studies  of  antibodies  to  Ad  2,  7  and  12  have  been 
done  with  sera  obtained  for  Dr.  Huebner  by  Drs.  Hoi  I  inshead  and  Alford.  About 
10  to  40%   of  sera  showed  FA  reaction  to  T  antigens  of  the  various  adenoviruses, 
but  there  was  no  excess  antibody  frequency  in  the  cancer  groups  as  compared 
with  matched  controls. 

The  ability  to  make  antibodies  to  T  antigens  of  "non-oncogen ic"  adenoviruses 
(Ad  I,  2  and  5)  by  using  tumors  induced  with  their  hybrids  has  proved  very 
useful  in  identifying  these  antigens  in  rat  cells  transformed  by  the  non-hybrid 
adenoviruses  of  these  types.  The  lines  of  transformed  cells  obtained  by 
Drs.  Freeman,  Huebner  and  McAllister  have  reacted  with  these  antisera  in  both 
CF  and  FA  tests,  indicating  the  persistence  and  integration  of  the  viral  genome. 

Detection  of  persistent  viral  genome  b\^  nucleic  acid  homology  techniques.   I n 
the  great  majority  of  transformation  by  DNA  viruses,  the  viral  genome  persists 
in  the  cells,  as  indicated  by  synthesis  of  T  antigen.   However,  some  cell  lines 
which  showed  signs  of  transformation  after  infection  with  SV40  or  its  DNA  do 
not  contain  T  antigens;  in  the  lines  studied  by  Diamondopou I  is  and  Enders, 
some  lines  show  SV40  surface  (S)  antigen  without  T  antigen,  while  others 
show  neither  or  both.   Drs.  Oxman,  Henry  and  Levin  have  attempted  to  find 
SV40  mRNA  in  these  lines  by  homology  tests  with  SV40  DNA.   Most  important, 
they  have  developed  the  procedure  to  a  point  where  the  blank  with  normal  cell 
RNA  is  almost  zero,  without  markedly  reducing  counts  with  RNA  vrom  cells  with 
T  antigen;  thus  for  the  first  time  there  is  an  opportunity  to  obtain  a  mean- 
ingful negative.   It  has  been  found  that  an  S-positive,  T-negative  line  shows 
no  tract  of  SV40  mRNA,  indicating  that  the  SV40  genome  is  not  present  (or 
functioning)  and  that  the  S  antigen  is  likely  to  be  a  host  antigen  whose 
synthesis  is  specifically  derepressed  by  SV40. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute;  T  antigens 
represent  a  major  advance  in  basic  virology  and  viral  oncology,  and  in  potential 
serod iagnos is  of  cancer  etiology.   They  offer  invaluable  tools  for  studying 
viral  replication,  abortive  viral  infection,  and  integration  of  the  viral  genome 
into  tumor  eel  Is. 

The  Adeno-SV40  hybrids  appear  to  offer  a  new  approach  to  viral  genetics,  by 
allowing  propagation  of  gene  segments  which  must  represent  massive  deletions 
from  the  intact  genome. 

The  discovery  of  a  non-defective  Ad-SV40  hybrid  particle  is  a  unique  finding 
in  the  study  of  animal  viruses  and  should  appear  significant  impetus  toward 
the  exploration  of  hybrid-virus  systems  to  understand  and  ultimately  control 
the  viral  genome. 

Proposed  Course  of  the  Pro  ject:   Extensive  biological  and  biophysical  studies 
will  be  carried  out  to  attempt  to  elucidate  the  function  of  that  portion  of 
the  SV40  genome  in  the  B-89  hybrid.   In  addition,  biophysical  studies  will  be 
attempted  comparing  DNA's  of  each  of  the  clonal ly  stable  segments  of  the 
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Ad  2-SV40  hybrid  populations  to  attempt  to  demonstrate  biophysical  differences 
which  should  provide  insight  into  the  markedly  different  biological  properties 
of  these  populations. 

Attempts  to  separate  non-hybrid  from  hybrid  particles  in  the  defective  Ad-SV40 
hybrid  populations  will  be  continued  to  confirm  our  preliminary  finding  and  to 
pursue  the  possibility  of  preparative  separations. 

Efforts  will  be  made  to  develop  a  very  sensitive  precipitation  test  using 
radioactive  tracers  to  study  T  antigen  systems. 


Invited  Addresses; 


Dr.  Rowe:   New  York  University; 

Jefferson  Medical  College; 

Industry  Lecture  of  the  Philadelphia  Branch  of  the  American 

Society  for  Microbiology; 
University  of  Toledo; 
Yale  University 

Dr.  Lewis:   Duke  University  Medical  Center; 

American  Association  of  Immunoiogists. 

Pub  I  icat  ions: 

Ai  I  isoni,  A.C,    and  B^lack,  P.H.:   Lysosomal  changes  in  lytic  and  non-lytic  in- 
fections with  the  Simian  Vacuolating  Virus  (SV40).   J.  Nat.  Cancer  Inst.,  in 
press. 

Black,  P.H.:   The  SV40  T  antigen.   Waver  ly  Press,  in  press. 

Black,  P.H.:   Cancer izat ion  in  vitro.   Proc.  of  the  D.C.  Chapter  of  the 
Society  Exp.  Biol,  and  Med.,  in  press. 

Freeman,  A.E.,  Black,  P.H.,  Wolford,  R.,  and  Huebner,  R.J:   The  adenovirus 
type  12-rat  embryo  transformation  system.   J.  Virology,  in  press. 

Oxman,  M.N.,  Rowe,  W.P.,  and  Black,  P.M.:   Studies  of  adenov irus-SV40  hybrid 
viruses,  VI.   Differential  effects  of  interferon  on  SV40  and  adenovirus 
T  antigen  formation  in  cells  infected  with  SV40  virus,  adenoviruses,  and 
adenov irus-SV40  hybrid  viruses.   Proc.  Nat.  Acad.  Sci.  57:  941-948,  1967. 

Oxman,  M.N.,  Baron,  S.,  Black,  P.H.,  Takemoto,  K.K.,  Habei,  K.,  and  Rowe,  W.P. 
The  effect  of  interferon  on  SV40  T  antigen  production  in  SV40-transformed 
cells.   Virology  32:  122-127,  1967. 

Oxman,  M.N.:   Some  behavioral  studies  of  simian  virus  40  (SV40).   Archiv  fur 
die  ges  V irusforschung  22:  171-187,  1967. 
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Rowe,  W,P.:   Virus-specific  antigens  in  viral  tumors.   In:   John  J.  Trentin, 
ed . ,  Cross-Reacting  Antigens  and  Neoantiqens.   (With  implications  for  auto- 
immunity and  cancer  immunity).   Baltimore,  Williams  iWilkins  Co.,  1967, 
p'p.  74-84. 

Rowe,  W.P.,  and  Lewis,  A.M.,  Jr.:   Serologic  surveys  for  viral  antibodies 
in  cancer  patients.  Cancer  Research,  in  press. 
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Project  Description: 

Objectives 

To  study  the  mechanism  of  action  and  induction  of  interferon  and  its 
role  in  the  treatment  of  disease  as  well  as  its  role  in  the  development  of 
the  normal  cell. 

Methods  Employed 

As  in  the  past,  a  variety  of  biological,  biochemical  and  biophysical 
analytic  techniques  were  used,  both  for  preparation  of  purified  radioactive 
viruses  and  from  analyzing  fractions  obtained  from  cells.   These  include 
differential  centrifugation,  velocity  and  equilibrium  density  gradient 
centrifugation,  radioisotope  tracing,  spectrophotometry,  polyacrylamide  gel 
electrophoresis,  etc.   Their  application  is  more  appropriately  indicated  in 
the  section  on  "Major  Findings." 
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Having  established  in  the  past  years  that  the  primary  action  of 
interferon  is  to  induce  the  formation  of  modified  40S  ribosomal  subunits, 
this  year's  work  was  devoted  to  attempting  to  understand  the  nature  of  che 
modification  in  the  ribosomal  subunits  as  well  as  in  attempts  to  see  how 
this  modification  enables  the  ribosomes  to  distinguish  between  viral  RNA 
and  cellular  messenger  RNA.   Beginnings  were  also  made  in  exploring  the 
possibility  that  the  interferon  system  plays  a  role  in  the  normal  development 
of  the  cell. 

This  years  efforts  have  shown  with  cell  free  systems  that  the  modification 
in  the  ribosome  is  expressed  by  a  decreased  ability  to  bind  viral  RNA  and  an 
even  greater  depression  in  the  ability  of  these  ribosomes  to  translate  viral 
RNA  into  viral  protein.   However,  the  interferon  type  ribosome  is  able  to 
bind  and  translate  nonviral  messenger  RNA  as  well  as  control  ribosomes.   It 
has  previously  been  shown  that  the  interferon  treated  cell  must  synthesize 
RNA  and  protein  in  order  to  develop  resistance  to  virus  infection.   We  showed 
this  year  that  the  40S  ribosomal  subunit  from  interferon  treated  cells  indeed 
labels  more  rapidly  than  its  control  counter-part  when  exposed  to  a  RNA 
precursor  like  radioactive  uridine  or  to  radioactive  amino  acids  such  as 
valine,  phenylalanine,  or  histidine.   The  larger  ribosomal  subunit  is  not  so 
affected.   That  the  stimulatory  effects  are  not  attributable  to  an  impurity 
in  the  interferon  preparation  is  indicated  by  two  observations.   The 
development  of  the  biochemical  modifications  require  the  same  length  of  time 
of  exposure  to  interferon  as  the  development  of  resistance  to  virus,  and 
secondly  the  biochemical  phenomon  show  the  same  species  specificity  that 
interferon  does.   Several  types  of  experiments  were  performed  in  order  to 
try  to  understand  the  meaning  and  implication  of  these  interferon  induced 
increases  in  the  synthetic  rates  of  RNA  and  protein.   We  have  previously 
shown  that  interferon  treatment  of  rapidly  growing  cells  does  not  demonstrably 
change  the  optical  density  profiles  of  the  polysomes.   This  is  in  striking 
contrast  with  the  effect  of  interferon  on  polysome  profiles  from  fully 
sheeted-out,  contact-inhibited  cells.   As  would  be  expected  from  the  fact  that 
contact  inhibited  cells  are  synthesising  relatively  little  protein,  such  cells 
show  very  little  evidence  of  polysomes  in  their  cytoplasm,  as  contrasted  with 
the  polysome  profiles  from  rapidly  growing  cells  where  individual  polysomes 
are  readily  discernable.   The  effect  of  interferon  treatment  on  such 
resting  cells  is  to  produce  a  significant  amount  of  polysomes  which 
presumably  are  actively  engaged  in  synthesising  proteins  induced  by  the 
interferon  treatment.   We  have  seen  this  repeatedly,  both  in  chick  cells 
treated  with  chicken  interferon,  and  in  mouse  cells  treated  with  mouse  inter- 
feron but  not  with  heterologous  interferons.   There  is  also  increased  ratio  of 
40S  to  60S  ribosomal  subunits.   We  have  also  shown  that  the  ratio  of  16S  RNA 
(which  comes  from  the  40S  ribosomal  subunit)  to  28S  RNA  (which  comes  from 
the  60S  ribosomal  subunit)  is  significantly  higher  in  the  interferon  type 
ribosome.   This  phenomenon  also  showed  the  species  specificity  characteristic 
of  interferon.   They  synthetic  inducer  of  interferon  production,  polyinosinic, 
polycytidylic  acid,  a  synthetic  double  stranded  RNA,  also  induces  changes  in 
ribosomes  similiar  to  those  induced  by  treatment  of  the  cells  with  interferon. 
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The  previous  experiments  showing  that  binding  of  viral  RNA  to  interferon 
type  ribosome  is  inhibited  was  done  using  sucrose  gradient  centrifugation. 
This  method,  while  effective,  is  time  consuming  and  is  not  at  all  amenable 
for  use  with  a  large  number  of  samples.   We  have  this  past  year  developed  a 
technique  for  studying  the  binding  of  RNA  to  ribosomes  using  a  millipore 
membrane  technique.   This  method  has  been  developed  and  is  currently  about 
to  be  used  for  further  exploration. 

A  probable  interpretation  of  these  data  is  that  interferon  leads  not 
only  to  qualitatively  different  ribosomes,  but  that  it  also  leads  to  an 
increased  rate  of  their  synthesis.   In  cells  that  are  growing  very  slowly 
this  altered  rate  of  synthesis  is  actually  discernable  as  an  increased 
amount  of  ribosomal  material  in  cells. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute 

Of  great  interest  and  broad  implication  is  the  fact  that  there  can  be 
such  marked  modifications  in  the  cells  synthetic  machinery  without  there 
being  a  marked  alteration  in  the  cells  synthetic  activity.   The  possibility 
must  be  considered  that  the  interferon  system  represents  more  than  a  defense 
mechanism  against  viruses,  perhaps  it  is  a  more  general  ribosomal  level 
control  of  gene  expression.   The  alteration  in  cells  seen  during  chronic 
disease  viruses  may  be  of  a  similar  type.   Such  possibilities  will  be  explored 
shortly. 

Proposed  Course  of  the  Project 

Further  analysis  of  the  qualitative  and  quantitative  nature  of  the 
altered  ribosomes  is  being  carried  on.   We  plan  to  explore  whether  the 
mechanism  of  interferon  action  that  we  have  described  here  pertains  to 
all  the  other  types  of  interferons.   This  work  would  all  be  in  collaboration 
with  Dr.  Charles  Chany  of  France,  and  Dr.  Youngner  of  the  University  of 
Pittsburgh. 

Honors  and  Awards: 

Invited  Lectures: 

1.  Kitasato  Institute,  Tokyo,  Japan. 

2.  Department  of  Microbiology,  Yale  University  Medical  School. 

3.  Institute  of  Mecular  Virology,  St.  Louis,  Missouri. 

Publications: 

Carter,  W.  A.,  and  Levy,  H.  B.:   Ribosomes:   The  effect  of  interferon 
on  their  interaction  with  viral  RNA.   Science  155:   1255-1257,  March 
1967. 

Carter,  W.  A.,  and  Levy,  H.  B. :  The  interaction  of  mammalian  ribosomes 
with  rapidly-labeled  cellular  and  viral  RNA's.  Arch.  Biochem.  Biophys. 
1967,  Vol.  120,  562. 
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Carter,  W.  A.,  Levy,  H.  B.,  and  Diamond,  L.  S. :   Protein  synthesis  by 
amoebal  ribosomes.   Nature  213:   722-725,  February  1967. 

Carter,  W.  A.,  and  Levy,  H.  B. :  Recognition  of  viral  BINA  by  mammalian 
ribosomes,  an  effect  of  interferon.  Biochem.  Biophys.  Acta,  155,  437, 
1968. 

Levy,  Hilton  B.  and  Carter,  W.  A.:   Effect  of  Interferon  on  Mengo 
virus  RNA  binding  to  L  cell  polysomes.   J.  Mol.  Biol.,  31,  561,  1968. 

Friedman,  R.  M. ,  Fante,  K.  H.,  Levy,  H.  B.  and  Carter,  W.  A.:   Interferon 
action  on  parental  seraliki  forest  viruses.   J.  Virology,  1,  1168,  1967. 

Levy,  H.  B.,  and  Carter,  W.  A.:   Interferon.   Proceedings  of  the 
International  Congress  on  Interferon,  1967,  Academic  Press,  In  Press. 

Baron,  S.,  Buckler,  C.  E.,  Levy,  H.  B.,  and  Friedman,  R.  M. :   Some 
factors  affecting  the  interferon  -  induced  anti-viral  state.  Proc, 
Soc.  Exp.  Biol.  Med.,  125,  1320,  1967. 

Levy,  H.  B.  and  Carter,  W.  A.:   Ciba  Foundation  Symposium  on  Interferon, 
1967,  J.  &  A.  Churchill,  Ltd.,  London. 

Wong,  K.  T.,  Baron,  S.,  Levy,  H.  B.,  and  Ward,  T.  C:   Doctinomycin 
relative  resistance  of  green  monkey  kidney  cell  cultures  to  its  action. 
Proc.  Soc.  Exp.  Biol.  Med.,  125,  65,  1967. 

Levy,  H.  B.  and  Carter,  W.  A.:   The  action  of  interferon.   Proc. 
2nd  Int.  Symp .  Med,  and  App.  Virology  (Dec.  1966)  Warren  Green,  Inc. 
St.  Louis,  1968. 

Levy,  H.  B.:  Cellular  Nucleic  Acid  Changes  during  infection, 
symposium  on  infection  and  metabolism  -  Special  report  to  the 
Commission  on  Epidemiological  Survey,  Feb.  1968. 
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Project  Description: 

Objectives 

To  study  intracellular  sites  of  viral  RNA  or  DNA  and 
protein  synthesis  in  several  virus  systems:   poliovirus  in  HeLa 
cells,  polyoma  virus  in  mouse  embryo  cells,  adenovirus  in  KB 
cells.   To  investigate  the  formation  and  role  of  T  antigen  in 
lytic  or  transforming  infections  with  papova  and  adenoviruses. 
To  elucidate  the  pathogenesis  and  causative  agent  of  Kuru  and 
other  slow  viruses. 

Methods  Employed 

High  resolution  is  obtained  by  electron  microscopy  of  thin 
sections  of  infected  and  normal  cells  utilizing  a  variety  of 
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stains.   Cells  infected  for  various  periods  of  time  are  fixed, 
sectioned,  stained,  and  studied.   Resolution  on  the  order  of 
20  A  has  been  obtained  on  sectioned  material. 

Infected  cells  are  fractionated  by  density  gradient  centri- 
fugation  at  various  periods  during  the  virus  replication  cycle 
and  viral  precursor  particles  are  isolated.   Various  fractions 
are  examined  for  morphological  entities  and  are  tested  for 
infectivity,  antigenicity  or  other  biological  properties. 
Limited  chemical  analyses  are  performed  where  materials  can 
be  obtained  in  adequate  quantity.   Currently  attempts  are 
underway  to  apply  immunochemical  staining  to  aid  in  interpret- 
ing a  variety  of  structures  observed  intracellularly  in  virus 
infected  cells. 

Major  Findings 

Studies  on  the  small  plaque  polyma  virus,  in  collaboration 
with  Dr.  K.  K.  Takemoto  have  revealed  additional  interesting 
detail  of  the  structure  of  the  filamentous  form  of  this  virus. 
By  means  of  uranyl  acetate  staining  coupled  with  metal  shadow- 
ing, isolated  filamentous  forms  have  been  observed  to  be 
completely  filled,  partially  filled  or  completely  devoid  of 
DNA.   These  observations  substantiate  previous  observation 
in  situ  which  suggested  that  the  filamentous  form  was  involved 
in  viral  synthesis  rather  than  being  an  anomalous  form  of 
aggregated  protein.   These  investigations  are  being  prepared 
for  publication. 

A  detailed  study  of  the  intracellular  development  of 
adenovirus  7  (both  with  and  without  a  portion  of  the  SV40 
genome)  has  been  completed.   Twelve  different  morphological 
entities  have  been  identified  as  virus  related  structures  and 
their  sequence  of  development  and  interrelationships  have 
been  tentatively  determined. 

In  collaboration  with  Dr.  Gudjusek  and  Dr.  Gibbs  NINDB, 
we  have  initiated  electron  microscopic  studies  of  brains  and 
other  tissues  of  human  cases  of  and  chimpanzees  infected  with 
Kuru  agent.   To  date  no  significant  results  have  been  obtained. 

Significance  to  Bio-medical  Research  and  the  Program  of 
the  Institute 

These  studies  are  intended  to  contribute  to  our  knowledge 
of  the  nature  of  the  processes  by  which  both  RNA  and  DNA 
viruses  replicate.   The  virologic  interest  of  the  group  is 
divided  between  the  oncogenic  viruses,  non-oncogenic  viruses 
and  slow  viruses.   Thus  far,  only  the  lytic  aspect  of  oncogenic 
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viruses  has  come  under  investigation,  but  the  study  of  the  role 
of  viruses  in  the  malignant  transformation  of  cells  is  also 
planned.   This  work  will  be  largely  collaborative. 

Proposed  Course  of  the  Project 

1.  We  are  continuing  to  isolate  sufficiently  large 
quantities  of  the  various  types  of  particle  to  undertake  bio- 
physical, biochemical  and  biological  characterization.   Spec- 
ifically, their  size,  structural  symmetry,  molecular  weight, 
DNA  and  protein  content,  infectivity,  antigenicity  and  hemag- 
glutination potential  are  immediate  targets  of  investigation. 

2.  Continued  effort  is  being  expended  to  delineate  virus 
multiplication  at  the  electron  microscope  level.   By  selection 
of  appropriate  time  periods  in  a  single  cycle  of  replication, 
using  high  multiplicities  of  infection  to  ensure  practical 
numbers  of  infected  cells  and  by  selecting  favorable  stains 

to  increase  contrast  (double  staining) ,  it  is  planned  to  contin- 
ue investigating  polyoma  virus  large  plaque  mutant  as  well  as 
the  small  plaque  mutant  and  to  extend  these  observations  to 
SV40  virus.   Investigations  of  adenovirus  replication  will  be 
continued  and  expanded  by  means  of  immunochemical  staining. 

Honors  and  Awards: 

U.  S.  -  Soviet  Health  Exchange  in  Tumor  Virology,  Sept. 
9-30,  1967 

Publications : 

Mattern,  C.  F.  T. ,  Takemoto ,  K.  K.  and  Deleva,  A.  M. 
Observations  in  multiple  polyoma  virus  -  related  particles. 
Virology  22,  378-392,  1967. 
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Project  Description: 

Objectives 

To  study  the  ultrastructure  of  viruses,  protozoa,  metazoa 
and  cells  of  vertebrates  with  particular  emphasis  on  relating 
ultrastructure  and  function. 

Methods  Employed 

High  resolution  electron  microscopy  and  analytical  ultra- 
centrifugation  are  applied  to  intact  viruses,  cells,  and  their 
fractionated  components. 
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Major  Findings 

1.  Collaborative  studies  on  Pentatrichomonas  hominis  with 
Dr.  Honigberg  resulted  in  a  comprehensive  analysis  of  the  com- 
plex mastigont  apparatus  and  many  elaborate  interconnections. 

2.  Comparative  studies  on  Hypotrichomonas  acosta  and 
Tri trichomonas  bactrachorum  have  confirmed  some  details  of 
evolutionary  significance. 

Significance  to  Bio-medical  Research  and  the  Progrcun  of 
the  Institute 

These  studies  are  aimed  at  elucidating  the  macromolecular 
organization  of  cells,  biological  organelles  and  viruses  in 
order  to  better  understand  the  relationship  between  structure 
and  function. 

Proposed  Course  of  the  Project 

The  continued  high  resolution  electron  microscopic  study 
of  the  macromolecular  anatomy  of  viruses,  protozoa,  metazoa 
and  vertebrate  cells.   This  comparative  anatomical  study  of 
ultrastructure  will  be  supplemented  by  embryological  study  of 
the  developing  chick  embryo  and  the  development  of  budding 
hydra. 

Honors  and  Awards:   None 

Publications: 

Honigberg,  B.  M. ,  Mattern,  C.  F.  T.  and  Daniel,  W,  A. 
Structure  of  Pentatrichomonas  hominis  (Davaine)  as  re- 
vealed by  electron  microscopy.   J.  Protozool.  (in  press). 

Meetings: 

Honigberg,  B.  M. ,  Mattern,  C.  F.  T.  and  Daniel,  W.  A. 
Contribution  of  electron  microscopic  studies  to  the 
understanding  of  evolution  of  trichomonias.   Amer. 
Microscopic  Soc. ,  Ohio,  Sept.  1968. 
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Project  Description: 

Objectives 

1.  Understanding  of  the  mechanisms  by  which  interferon 
induces  the  cell  to  develop  a  state  of  resistance  to  viruses. 

2.  Understanding  of  the  mechanisms  by  which  the  interferon 
system  acts  during  virus  infection  in  vivo  and  in  vitro. 

3.  Application  of  interferon  to  prophylaxis  and  therapy 
of  viral  infections  of  animals  and  man. 
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Methods  Employed 

Metabolic  inhibitors  were  used  to  delineate  the  cell  syn- 
thesis steps  required  for  induction  of  the  "antiviral  protein" 
by  interferon. 

Measurement  was  made  of  the  response  of  the  interferon 
system  in  virus  infected  tissue  cultures  as  model  systems  for 
understanding  the  host  resistance  mechanisms  which  operate  in 
vivo. 

Major  Findings 

Studies  have  continued  on  the  induction  of  antiviral  ac- 
tivity in  cells  by  interferon.   Several  factors  have  been  ob- 
served to  effect  the  development  of  cellular  resistance  to 
viruses  during  exposure  to  interferon.   Following  application 
of  interferon  to  primary  moase  embryo  cultures  there  was  an 
early  rise  in  antiviral  activity  which  began  to  level  off  at 
about  7  hours  and  remained  relatively  constant  thereafter,  so 
long  as  interferon  was  present  in  the  extracellular  fluid.   The 
extracellular  concentration  of  interferon  did  not  detectably 
decrease  during  the  development  and  maintenance  of  the  antiviral 
state.   The  final  and  relatively  fixed  level  of  antiviral  ac- 
tivity in  primary  mouse  embryo  cultures  was  shown  to  depend  on 
several  factors.   The  concentration  of  interferon  applied  rather 
than  the  total  volume  (amount)  of  interferon  applied,  was  the 
main  determinant  of  the  final  level  of  resistance  which  de- 
veloped.  That  the  final  established  level  of  resistance  is 
continually  dependent  on  the  extracellular  concentration  of 
interferon  comes  from  the  finding  that  the  established  level  of 
resistance  can  be  altered  by  increasing  the  concentration  of 
extracellular  interferon  or  removal  of  extracellular  interferon. 
These  findings  also  tend  to  rule  out  the  possibility  that  the 
leveling  off  of  resistance  in  the  presence  of  interferon  could 
be  due  to  an  acquired  refractoriness  of  cells  to  the  action  of 
interferon.   Evidence  favoring  the  interpretation  that  the  extra- 
cellular interferon  acts  to  continually  induce  messenger  RNA 
and  subsequently,  the  antiviral  protein,  during  the  steady  state 
of  resistance,  comes  from  the  decrease  of  the  established  level 
of  resistance  by  application  of  metabolic  inhibitors  of  protein 
and  RNA  synthesis.   These  findings  seem  to  best  be  explained  by 
the  interpretation  that  the  finally  established  level  of  re- 
sistance in  primary  mouse  embryo  cells  reacting  with  interferon 
is  probably  maintained  by  continual  induction  by  interferon  of 
new  antiviral  protein  which  serves  to  replace  decaying  antiviral 
protein. 
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More  recently  studies  have  been  directed  co/i?ards  urxder- 
standing  the  factors  which  influence  the  initial  rise  of  re- 
sistance of  cells  when  reacting  with  interferon.   Removal  of 
interferon  during  the  initial  rise  of  resistance  in  primary 
mouse  embryo  cultures  was  followed  by  arrest  of  increase  of  re- 
sistance and  a  leveling  off  of  antiviral  activity  for  about  six 
hours  and  then  a  slow  decline  of  resistance.   This  finding 
indicated  that  the  continued  presence  of  interferon  was  re- 
quired to  maintain  the  rising  resistance  to  virus  during  the 
initial  period  of  interferon  reaction  with  primary  mouse  embryo 
cells.   The  failure  of  resistance  to  either  rise  or  decrease 
for  six  hours  after  this  removal  of  interferon  implies  that  the 
messenger  RNA  for  the  antiviral  protein  is  shortlived  since  it 
is  known  that  the  antiviral  protein,  itself,  is  stable  over 
about  a  six  hour  period.   Substantiation  of  the  interpretation 
that  the  messenger  RNA  for  the  antiviral  protein  is  shortlived 
comes  from  the  findings  that  removal  of  interferon  and  replace- 
ment by  actinomycin  D  during  the  initial  rise  of  resistance 
results  in  a  leveling  off  of  resistance.   This  shows  that  the 
previously  formed  messenger  RNA  was  not  continually  translated 
into  antiviral  protein.   Additional  evidence  of  the  relative 
stability  of  the  antiviral  protein,  as  compared  with  its  mes- 
senger RNA,  came  from  the  application  of  inhibitors  of  protein 
synthesis  to  primary  mouse  embryo  cultures  during  the  rising 
curve  of  resistance.   Again,  antiviral  activity  leveled  off 
for  the  six  hour  period,  indicating  that  since  no  new  antiviral 
protein  could  be  synthesized  over  this  period,  the  previously 
formed  antiviral  protein  was  stable. 

In  collaboration  with  Mr.  Ken  T.  Wong  and  Dr.  Thomas  G. 
Ward,  we  have  concluded  the  study  on  the  role  of  interferon 
during  infection  of  African  green  monkey  kidney  tissue  cultures 
with  rubella  virus.   African  green  monkey  kidney  cell  cultures 
infected  with  low  or  high  multiplicities  of  rubella  virus,  were 
found  to  produce  small  or  large  amounts  of  interferon  respec- 
tively.  Following  high  multiplicity  infection  of  these  cell 
cultures  with  rubella  v^irus,  there  was  continuous  production  of 
virus  and  interferon  over  a  period  of  38  days.   Infected  cell 
cultures  also  developed  cellular  resistance  which  was  character- 
ized as  inter feron-like  by  its  broad  antiviral  effect  against 
many  viruses  and  by  its  inhibition  by  actinomycin  D.   The 
sensitivity  of  rubella  virus  to  monkey  interferon  was  substan- 
tially greater  than  that  of  the  vesicular  stomatitis  virus. 
Rubella  virus  yield  decreased  when  lower  virus  inputs  were  used. 
This  appears  to  have  been  due  to  interferon  production  during 
early  virus  growth  cycles.   Thus,  the  findings  support  the 
notion  that  rubella  virus  infection  of  African  green  monkey 
kidney  cell  cultures  can  be  profoundly  influenced  by  the  inter- 
feron mechanism. 
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Significance  to  Bio-medical  Research  and  the  Program  of 
the  Institute 

Clearer  understanding  of  the  basic  factors  which  determine 
the  level  of  resistance  in  cells  reacting  with  interferon  have 
already  provided  the  basis  for  interpretation  of  the  role  of 
interferon  during  virus  infection  of  intact  animals.   For 
example,  prophylaxis  of  virus  infection  is  predictably  and 
demonstrably  enhanced  by  methods  which  allow  passively  admin- 
istered interferon  to  remain  in  contact  with  cells  in  the 
animal  for  a  long  enough  time  to  effect  the  plateau  level  of 
resistance.   This  is  important  in  vivo  because  of  the  rapid 
turnover  of  interferon  within  the  body.   Thus,  repeated  ad- 
ministration of  interferon  has  been  found  to  be  necessary  to 
obtain  maximal  protection  against  virus  infections.   Also,  the 
requirement  that  the  concentration  of  interferon  in  the  fluid 
around  the  cells  developing  antiviral  activity  is  the  major 
determinant  of  the  degree  of  resistance  induced  helps  explain 
why  antiviral  activity  is  greatest  in  body  tissues  in  which 
interferon  is  being  produced  locally.   Preliminary  results 
indicate  that  application  of  these  mechanisms  together  with  the 
newly  discovered  synthetic  inducers  of  interferon  may  lead  to 
therapy  of  fully  established  virus  infections. 

The  induction  of  the  interferon  system  in  African  green 
monkey  kidney  cell  cultures  infected  with  rubella  virus,  coupled 
with  the  unusually  high  sensitivity  of  this  virus  to  monkey 
interferon,  suggests  that  the  interferon  system  could  play  an 
important  role  in  the  pathogenesis  of  rubella  virus  infection 
in  monkey  cells  jji  vitro  and  in  vivo.   An  iji  vitro  example  of 
the  role  of  the  interferon  system  is  the  finding  that  interferon 
produced  during  early  cycles  of  rubella  virus  replication  in 
African  green  monkey  kidney  cultures  depressed  the  final  yield 
of  virus.   This  finding  may  have  important  implications  for 
understanding  the  pathogenesis  of  naturally  occur ing  infections. 
The  dose  of  virus  used  to  infect  animals  is  frequently  correlat- 
ed with  the  severity  of  illness,  the  rate  of  virus  growth  and 
the  final  yield  of  virus.   The  present  findings  provide  an  in 
vitro  model  where  the  same  relationships  occur  and  in  which  it 
can  be  shown  that  the  interferon  system  is  a  major  determinant 
of  these  relationships.   Stated  differently,  interferon  induced 
during  the  first  cycles  of  virus  multiplication  can  serve  as 
the  intermediary  whereby  the  infecting  dose  of  virus  can  deter- 
mine the  final  outcome  of  virus  infection.   This  interpretation 
is  in  agreement  with  the  more  general  proposal  that  the  inter- 
feron system  can  often  play  a  major  role  in  determining  the 
final  outcome  of  viral  infection  in  vitro  and  iii  vivo.   The 
present  findings  are  also  consistent  with  the  previous  proposal 
that  the  attenuation  of  certain  strains  of  rubella  virus  could 
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result  from  an  increased  induction  of  interferon  by  high  pas- 
sage virus  in  African  green  monkey  kidney  cultures  as  proposed 
by  Parkman  et  al.   The  findings  also  suggest  that  the  low  level 
of  rubella  virus  produced  during  persistent  infection  of  cells 
by  this  virus  may  be  due  to  the  continued  production  and  action 
of  interferon  by  the  infected  cells. 

Proposed  Course  of  the  Project 

The  study  of  the  factors  which  influence  the  final  level 
of  inter feron-induced  resistance  have  been  written  and  publish- 
ed as  noted  in  the  references.   Studies  of  the  factors  influenc- 
ing the  early  rise  of  resistance  in  interferon  treated  cultures 
are  being  extended  to  other  species  of  cells  to  help  determine 
the  general  applicability  of  the  findings  in  primary  mouse 
embryo  cultures.   The  knowledge  gained  is  being  combined  with 
the  newly  discovered  inducers  of  interferon  to  determine  whether 
viral  infections  can  be  treated  after  the  onset  of  disease  both 
in  animals  and  man.   Studies  on  the  role  of  interferon  during 
infection  of  African  green  monkey  kidney  tissue  cultures  with 
rubella  virus  have  been  completed  and  have  been  published  as 
noted  in  the  references. 

Honors  and  Awards: 

1.  Chairman  of  the  subcommittee  on  virology  for  program 
of  the  American  Association  of  Immunologists. 

2.  Member  of  the  Interferon  Committee. 

3.  Associate  editor,  American  Journal  of  Epidemiology. 

4.  President,  NIAID  Assembly  of  Scientists. 

5.  Invited  lectures: 

California  Medical  Association 

New  Jersey  Pediatrics  Association 

Englewood  Hospital  Association 

Stanford  Medical  School 

Several  seminars  at  the  NIH 

Seminar  to  the  Department  of  Medicine, 

George  Washington  University  Service  at 

D.  C.  Hospital 

Publications: 

Baron,  S. ,  Buckler,  C.  E.  and  Dianzani,  F. :   Some  de- 
terminants of  the  interferon-induced  antiviral  state. 
Ciba  Foundation  Symposium  on  Interferon,  1967,  pp.  186- 
200. 
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Baron,  S. ,  Buckler,  C.  E. ,  Levy,  H.  B.  and  Friedman,  R. 

M. :   Some  factors  affecting  the  inter feron-induced  antiviral 

state.   Proc.  Soc.  Exp.  Biol,  and  Med.  vl25:   1320-1326, 

1967. 

Qxman,  M.  N. ,  Baron,  S. ,  Black,  P.  H. ,  Takemoto,  K.  K. , 
Habel ,  K.  and  Rowe,  W.  P.:   The  effect  of  interferon  on 
SV40  T  antigen  production  in  SV40- trans formed  cells. 
Virology.  32:   No.  1,  May  1967. 

Dianzani,  F. , Baron,  S. ,  and  Buckler,  C.  E. :   A  sensitive 
assay  for  infectivity  of  mengovirus  RNA  in  L  cells  (32074) . 
Soc.  Exp.  Biol,  and  Med.  125:   292-294,  1967. 

Wong,  K.  T. ,  Baron,  S. ,  Levy,  H.  B. ,  and  Ward,  T.  G. : 
Dactinomycin:   relative  resistance  of  green  monkey  kidney 
cell  cultures  to  its  action.   Soc.  Exp.  Biol,  and  Med. 
125:   65-67,  1967. 

Wong,  K.  T. ,  Baron,  S.  and  Ward,  T.  G. :   Rubella  virus: 
role  of  interferon  during  infection  of  African  green 
monkey  kidney  tissue  cultures.   J.  Immunol.  99:   No.  6, 
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Project  Description: 

Objectives 

To  define  the  interrelation  between  viral  pathogens  and 
their  effect  on  the  cytoplasmic  and  nuclear  regulatory  systems 
of  the  host  cell. 

Methods  Employed 

Methods  for  studying  the  relation  between  cytoplasmic  and 
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nuclear  regulatory  systems  have  been  limited  thus  far  to  hybrid- 
ization studies  between  nuclear  and  mitochondrial  DNA.   These 
DNAs  have  been  characterized  by  determination  of  their  optical 
density  transitions  following  temperature  changes,  by  buoyant 
density  determinations ,  by  molecular  weight  determinations 
based  on  velocity  sedimentation  rates,  and  by  electron  microscopy 
(in  collaboration  with  Dr»  Telles) .   Hybridization  studies  be- 
tween such  nuclear  and  mitochondrial  DNAs  have  been  performed 
using  the  Denhardt  membrane  technique. 

Methods  for  studying  the  interaction  between  LDV  and  the 
host  cell  have  involved  3  approaches.   (1)   Production  and  puri- 
fication of  viral  RNA  in  amounts  sufficient  to  perform  hybridi- 
zation with  the  host  DNAs  and  RNAs.   The  degree  of  purification 
of  the  virus  has  been  determined  by  N-content  and  electron 
microscopy,  in  collaboration  with  Dr.  Mattern.   (2)   Deter- 
mination of  the  role  of  interferon  production,  in  vivo  and  in 
vitro,  sufficient  to  hold  the  virus  in  check,  but  not  enough 
to  eliminate  it  (in  collaboration  with  Dr.  Baron's  group). 
(3)   Determination  of  the  growth  characteristics  of  LDV  in 
mouse  macrophages  _in  vitro,  the  only  apparent  target  cell.   This 
involves  the  culture  of  mouse  peritoneal  macrophages  in.  vitro, 
the  determination  of  intracellular  and  released  virus  titers 
at  various  times  after  infection,  and  measured  by  the  rise  in 
lactic  dehydrogenase  enzyme  in  the  blood  plasma  of  test  mice, 
and  the  determination  of  interferon  concentrations. 

Major  Findings 

The  extraction  procedure  of  mouse  liver  mitochondrial  DNA 
was  improved,  in  order  to  obtain  this  DNA  with  a  m.w,  of  about 
1  X  10   Daltons ,  as  reported  for  other  vertebrate  mitochondrial 
DNAs.   This  was  deemed  important,  because  the  use  of  DNA  with 
a  m.w.  of  about  200,000,  as  prepared  previously,  showed  a 
decreased  Tm  as  compared  to  more  intact  mitochondrial  DNA, 
indicating  physico-chemical  changes.   We  have  prepared  mito- 
chondrial DNA  with  a  m.w,  of  2  to  5  x  10^  Daltons,  and  are  in 
the  process  of  repeating  the  hybridization  experiments  with 
this  material. 

In  regard  to  the  production  and  purification  of  the  LDV, 
in  order  to  obtain  viral  RNA  sufficient  for  hybridization,  we 
have  found  that  the  procedures  commonly  used  inactivated  the 
LDV.   By  combining  the  hyaluronidase  and  proteolytic  digestion 
at  the  early  stage  of  purification,  followed  by  differential 
centrifugation,  satisfactory  preparations  were  obtained.   Ex- 
periments on  density  gradient  purification  are  in  progress. 

The  role  of  interferon  on  the  establishment  of  a  permanent 
low  grade  LDH-viremia  in  mice  has  been  further  studied,  using 
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poly  I-C  as  an  interferon-inducer.   It  was  found  that  mice 
tolerate  up  to  200  ug  total.   This  allows  the  study  of  the 
effect  of  interferon  on  the  LDV  concentration  at  the  various 
levels  of  viremia,  following  infection  with  LDV,  without  super- 
infection with  a  second  virus.   This  study  is  in  progress,  in 
collaboration  with  Dr.  S.  Baron's  group.   The  study  on  the  growth 
characteristics  of  LDV  cultivated  in  vitro  in  mouse  peritoneal 
macrophage  showed  that  cells  produce  virus  for  at  least  21  days. 
Serial  passage  experiments  were  performed,  using  3  mouse  strains 
as  source  of  macrophages.   Previously  reported  differences  in 
the  ability   of  these  strains  to  support  LDV  replication  were 
eliminated  by  improved  culture  conditions  of  the  macrophages. 
LDV  has  been  maintained  in  all  three  strains  for  at  least  6 
serial  passages,  even  when  alternating  the  strains. 

Determination  of  the  growth  curve  of  LDV  in  in  vitro  cul- 
tivated macrophages  showed  that  the  LDV  starts  to  multiply  with- 
in 3  hours  after  infection,  and  reaches  the  highest  titer  after 
about  15  hours,  comparable  to  growth  curves  determined  by  in 
vivo  studies. 

The  rate  of  release  of  intracellular  LDV  in  iri  vitro  cul- 
tures at  various  periods  after  infection  with  a  virus  multipli- 
city of  1  and  100,  was  measured.   The  titer  of  the  supernatent 
was  about  1  log  higher  than  that  of  the  cells  after  6  hours, 
and  2-3  logs  higher  at  12-24  hours  after  infection,  demonstrat- 
ing a  rapid  release  of  virus  from  the  cells.   This  rapid  release 
is  one  of  the  properties  which  LDV,  an  unclassified  virus,  has 
in  common  with  myxo-  and  arboviruses.   (Report  submitted  for 
publication.) 

Significance  to  Bio-medical  Research 

Studies  on  the  interaction  between  either  one  or  both 
nuclear  and  cytoplasmic  regulatory  systems  of  the  host  cell 
and  LDV,  which  causes  a  permanent  viremia  without  overt  symptoms 
should  lead  to  a  better  understanding  of  the  relationship  be- 
tween host  and  "latent"  and  slow  viruses  in  general. 

Proposed  Course  of  Project 

The  study  on  the  relation  between  the  RNA  of  LDV  and  the 
RNAs  and  DNAs  of  the  host,  as  determined  by  hybridization  will 
be  continued. 

The  role  of  interferon  at  various  stages  of  the  LDV- 
viremia,  Jji  vitro  and  Jji  vivo,  will  be  further  investigated, 
using  synthetic  interferon  inducers. 
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Studies  on  the  in  vitro  replication  of  LDV  have  been 
submitted  for  publication. 

Honors  and  Awards:   None 

Publications: 

duBuy,  H.  G.  and  Riley,  F.  L. :   "Hybridization  between  the 
nuclear  and  kinetoplast  DNAs  of  Leishmania  Enriettii  and 
between  nuclear  and  mitochondrial  DNAs  of  mouse  liver"; 
Proc.  National  Acad.  Sco. :   57,  790-797,  1967. 
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Project  Description: 

Objectives 

To  isolate  and  characterize  oncogenic  virus  mutants,  and 
to  use  these  mutants  for  investigations  concerned  with  viral 
oncogenesis  in  vitro  and  in  vivo. 

To  study  the  nature  of  virus-induced  intranuclear  tumor 
antigens  (T-antigens)  and  the  membrane-associated  surface  of 
"S"  antigens  in  transformed  cells  as  well  as  in  cells  undergo- 
ing cytolytic  infections. 

To  investigate  the  antigenic  structure  and  capsid  proteins 
of  SV40  virus. 
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Methods  Employed 

For  isolation  of  oncogenic  viral  mutants  standard  plaque 
procedures  are  employed  using  as  host  cells  primary  as  well 
as  established  lines  of  cells  from  African  green  monkey  kidneys. 

Fluorescent  antibody  (FA)  and  complement  fixation  (CF) 
techniques  are  used  for  studying  the  T  and  S  antigens. 

Purification  of  SV40  virus  is  by  velocity  and  equilibrium 
s  edimentat  ion . 

Major  Findings 

(1)  SV40  mutants  and  marker  rescue  experiments.   The 
properties  of  3  plaque  type  mutants  of  SV40  virus  have  been 
further  characterized.   Besides  plaque  size  in  AGMK  and  temp- 
erature sensitivity,  an  additional  host-range  marker  has  been 
found,  using  established  lines  of  AGMK  cells  for  distinguishing 
SV40  mutants. 

Utilizing  the  recent  observation  that  SV40  virus  can  be 
recovered  from  virus-free  tumor  cells  by  fusion  of  tumor  and 
susceptible  AGMK  cells  through  the  action  of  UV-inactivated 
Sendai  virus,  marker-rescue  experiments  were  conducted.   Mouse 
cells  transformed  by  genetically  marked  SV40  mutcints  were 
induced  to  yield  virus  by  this  technique,  then  the  virus  analyz- 
ed for  their  genetic  properties.   From  these  experiments,  it 
was  established  that  the  complete  SV40  virus  genome  is  present 
in  all  mouse  transformed  cells  examined  and  that  the  virus 
recovered  after  induction  possess  the  specific  markers  of  the 
original  inducing  virus.   A  large  number  of  mouse  transformed 
cells  have  now  been  tested  for  ability  to  yield  SV40  virus  by 
the  cell-fusion  technique  and  without  exception  all  have  been 
found  to  be  "inducible".   In  contrast,  a  number  of  hamster  and 
human  cells  transformed  by  SV40  virus  have  failed  to  yield 
infectious  virus.   The  evidence  thus  indicates  a  unique  as- 
sociation of  SV40  viral  genome  with  mouse  cells.   Polyoma  virus, 
on  the  other  hand,  has  never  been  recovered  from  polyoma  trans- 
formed mouse  or  hamster  cells  by  this  procedure. 

(2)  Transplantation  antigens  of  polyoma  tumor  cells. 
Using  the  indirect  FA  test,  it  was  shown  that  sera  of  mice 
immunized  with  polyoma  virus  or  polyoma  tumor  cells  reacted 
specifically  with  polyoma  transformed  mouse  or  hamster  cells. 
Reactions  were  also  observed  with  mouse  cells  undergoing  lytic 
infection,  indicating  that  like  the  intranuclear  T-antigen,  the 
surface  antigen  is  also  induced  by  polyoma  virus  in  infected 
cells.   Attempts  to  apply  a  more  sensitive  technique,  the  mixed 
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hemadsorption  test,  for  studying  surface  antigens  of  polyoma 
and  SV40  transformed  cells  have  thus  far  failed. 

(3)   SV40  virus  structure  and  antigenic  analysis.   A 
sensitive  micro-radio-immune  precipitation  (RIP)  test  was  de- 
veloped for  SV40  virus  similar  to  that  reported  for  poliovirus. 
Purified  radioactive  SV40  virus  was  allowed  to  react  with  anti- 
SV40  antibody,  and  virus-antibody  complex  precipitated  with 
antiglobulin.   Using  this  test  antigenic  analysis  of  SV40 
mutants  was  performed  by  competitive  inhibition  employing 
labelled  and  unlabelled  virus  in  the  test  system.   The  tech- 
nique is  also  sensitive  enough  to  detect  small  amounts  of  viral 
antigen  in  purified  as  well  as  crude  suspensions. 

Significance  to  Bio-medical  Research  and  the  Program  of 
the  Institute 

An  understanding  of  basic  mechanisms  involved  in  viral 
carcinogenesis  with  known  tumor  virus-cell  systems  may  lead 
to  information  which  is  directly  applicable  to  the  problem  of 
human  cancer. 

Proposed  Course  of  the  Project 

(1)  The  isolation  and  characterization  of  SV40  viral 
mutants  will  be  continued.   Mutagenic  agents  will  be  employed 
for  selection  of  mutants  capable  of  replicating  at  non-permis- 
sive temperatures  or  in  non-permissive  host  cells. 

(2)  Studies  on  purified  virus  preparations  will  be 
continued  from  the  standpoint  of  analysis  of  virus  structural 
proteins,  possible  internal  antigens,  and  immunological  rela- 
tionships cunong  mutants . 

(3)  Investigations  on  virus-induced,  non-structural 
antigens  in  transformed  cells  as  well  as  in  cells  undergoing 
lytic  infection  will  be  continued. 

Honors  and  Awards: 

Elected  Fellow  of  the  American  Academy  of  Microbiology 

Publications : 

Takemoto,  K.  K. ,  Double  Transformation  Phenomenon.   First 
Internat.  Symp.  on  Tumor  Viruses.   Subviral  Carcinogenesis. 
326-336,  1967. 
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PROJECT  DESCRIPTION 
Objectives; 

1)  To  recover  new  viruses  from  patients  with  respiratory  disease. 

2)  To  characterize  such  agents  and  study  their  biologic  and 
biophysical  properties. 

3)  To  determine  the  importance  of  such  viruses  as  etiologic 
agents  in  human  respiratory  disease. 

Methods  Employed; 

A.   Source  of  Clinical  Material.   Material  studied  by  new 
techniques  has  been  derived  from  on-going  respiratory  illness  surveys 
conducted  by  this  laboratory.   These  include  specimens  (nasopharyngeal 
washings,  throat  swabs,  and  acute  and  convalescent  sera)  from  patients 
at  Children's  Hospital,  Johns  Hopkins  Hospital,  D.C.  General  Hospital 
and  Junior  Village,  and  from  volunteers  in  the  NIH  Common  Cold  Study. 
Common  cold  illness  and  pneumonia  in  infants  and  children  have  been 
the  major  disease  syndromes  studied  to  date.   All  specimens  are  first 
examined  by  standard  tissue  culture  methods,  and  only  those  which 
fail  to  yield  viruses  by  these  techniques  are  studied  further  in 
experimental  culture  systems. 


Serial  No.  NIAID-71-J 

Takemoto,  K.  K. ,  Todaro,  G.  J.,  and  Habel ,  K.  Recovery  of 
SV40  virus  with  genetic  markers  of  original  inducing  virus 
from  SV40  transformed  mouse  cells.   Virology  (in  press)  . 

Malmgren,  R.  A.,  Takemoto,  K.  K. ,  Carney,  P.  G.  Immuno- 
fluorescent  studies  of  mouse  and  hamster  cell  surface 
antigens  induced  by  polyoma  virus.   J.  Nat.  Cancer  Insti. 
40,  263-268,  1968. 

Mattern,  C.  F.  T. ,  Takemoto,  K.  K. ,  and  DeLeva,  A.   Electron 
Microscopic  observations  on  multiple  polyoma  virus-related 
particles.   Virology  32,  378-392,  1967. 

Oxman,  M.  N. ,  Baron,  S. ,  Black,  P.  H. ,  Takemoto,  K.  K. , 
Habel,  K. ,  Rowe ,  W.  P.   The  effect  of  interferon  on  SV40 
T  antigen  production  in  SV40  transformed  cells.   Virology 
32,  122-127,  1967. 
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B.  Culture  Systems  EViployed.  The  principal  culture  system 
employed  has  been  human  embryonic  tracheal  organ  culture.   Clin5.cal 
specimens  obtained  during  the  acute  stage  of  illness  are  inoculated 
onto  these  cultures.   Medium  bathing  the  cultures  is  then  harvested 
daily  or  every  other  day,  and  serves  as  a  source  of  material  for 
subpassage  and  study.   Epithelial  cells  from  infected  organ  cultures 
are  fixed  on  slides  and  are  studied  by  means  of  the  fluorescent 

an  tibody  technique , 

The  program  design.ed  to  test  experimented  tissue  culture  lines 
for  their  sensitivity  to  respiratorj/-  viruses  was  continued.   One 
diploid  cell  strain,  derived  from  human  embryonic  intestine  (HEI), 
was  found  to  be  particularly  sensitive  aixd  has  been  employed  routinely 
in  screening  of  NIH  cold  study  specimens  for  vir-uses  v/hich  cannot  be 
grown  in  standard  cell  culture  lines. 

C.  Detection  of  Viruses  in  Organ  Cultures.   Niomerous  itiethods  have 
been  used  to  examine  for  the  presence  of  viruses  in  organ  cultures. 
Known  pathogens  have  been  demonstrated  to  destroy  the  ciliax-y  activity 
of  organ  cultures;  this  "ciliary  immobilizing  effect"  (CIE)  can  be 
used  as  one  index  of  the  presence  of  viruses.   Harvested  medium  has 
been  concentrated  and  examined  by  electron  microscopy  for  the  presence 
of  virus  particles.   Back-passage  into  tissue  cultures,  animal 
inoculation,  examination  for  interference,  ccmplement  f5-xation, 
immunofluorescence,  and  other  serological  tests  using  acute  and 
convalescent  phase  sera  have  also  been  employed  as  methods  for  the 
detection  of  viruses.   In  general,  the  most  successful  methods  have 
been  the  first  two  mentioned,  CIE  and  scanning  for  particles  by 
electron  microscopy. 

D.  Animal  Inoculation.   Several  virus  strains  isolated  in  organ 
culture  were  adapted  to  grow  in  suckling  mice.   The  mouse-adapted 
viruses  were  used  to  prepare  high  titer  suckling  mouse  brain  virus 
suspensions,  mouse  brain  complement  fixing  (CF)  antigens,  and  weeinling 
mouse  hyperimmune  sera.   Using  these  reagents,  the  antigenic 
relationships  among  the  organ  culture  grown  viruses  and  several  other 
viruses  have  been  examined,  sero-epidemiologic  surveys  in.  human 
populations  have  been  conducted  by  complement  fixation  tests,  a^d 
biophysical  studies  of  these  viru-ses  have  been  initiated. 

E.  Biophysical  Studies.   With  the  emergence  of  a  new  group  of 
respiratory  viruses  as  outlined  below,  studies  designed  to  examine  the 
biophysical  properties,  internal  structure,  antigenic  nature  and 
particular  biologic  features  of  this  group  have  been,  initiated.   The 
methods  employed  have  included  density  gradient  centrifugation , 
chemical  purification,  chemical  and  physical  degradation,  and  electron 
microscopic  examination  \ising  special  staining  techniques  and  thin 
sectioning  of  infected  cells. 
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Major  Findings; 

A.  Initial  Recovery  of  Viruses  in  Organ  Culture.   In  an  initial 
study  of  common  cold  illness  using  organ  culture  techniques,  23 
nasopharyngeal  washings  were  examined  and  8  agents  were  recovered, 

2  of  which  were  ether-stable  and  detectable  only  by  their  ciliary 
immobilizing  effect.   These  two  are  probably  rhinoviruses  which  grow 
only  in  organ  culture.   The  remaining  6  were  shown  by  electron 
microscopy  to  resemble  in  morphology  avian  infectious  bronchitis 
virus  (IBV),  mouse  hepatitis  virus  (MHV),  and  strain  229S,  a  viinis 
isolated  in  tissue  culture  from  patients  with  colds  by  Hamre  and 
Procknow.   The  organ  culture  technique  was  initially  used  to  show 
that  the  "IBV-like"  agents  were  ether  labile  and  RNA-containing. 
Each  "IBV-like"  virus  was  reisolated  frctn  the  original  nasopharyngeal 
washing,  and  control  organ  cultures  were  consistently  negative. 

B.  Morphologic  Studies  and  the  Emergence  of  a  New  Virus  Group. 
Initial  examination  of  negatively  stained  virus  preparations  indicated 
the  remarkable  similarity  of  IBV,  MHV,  the  "IBV-like"  viruses,  and 
strain  229E.   Their  limited  pleomorphism  and  the  configuration 
(club-shaped)  and  distribution  (widely  spaced)  of  surface  projections 
clearly  differentiated  them  from  members  of  the  myxo-  and  paramyxovirus 
group.   Further  studies  by  the  negative  staining  technique  have 
confirmed  these  results. 

In  addition,  an  electron  microscopic  study  of  the  morphogenesis 
of  2  members  of  this  virus  group,  IBV  and  strain  229E,  was  carried 
out  in  thin  sections  of  infected  tissue  culture  cells  or  chorioallantoic 
membranes.   In  this  study  round  electron-dense  particles,  82  m\x   in 
diameter,  were  observed  to  form  by  a  process  of  budding  from  membranes 
of  the  endoplasmic  reticulum  and  cytoplasmic  vesicles.   The  particles 
in  IBV-infected  cells  were  similar  in  size  and  shape  to  those  in 
strain  229E-infected  cells  but  showed  certain  differences  in  internal 
structure.   This  morphogenesis,  similar  to  that  of  MHV  as  shown  by 
the  studies  of  others  and  also  preliminary  studies  in  this  laboratory, 
served  further  to  characterize  members  of  this  group  and  to  delineate 
some  of  their  similarities  to  and  differences  from  the  myxoviruses 
and  the  RNA-containing  tumor  viruses. 

C.  Growth  in  Mice  of  "IBV-like"  Viruses  and  their  Antigenic 
Relationship  to  Mouse  Hepatitis  Virus  (MHV).   Because  of  the  morphologic 
resemblance  to  MHV,  and  as  part  of  the  study  of  the  properties  of  this 
virus  group,  the  6  "IBV-like"  strains  were  inoculated  into  suckling 
mice.   On  first  passage,  2  of  the  5  strains  caused  encephalitis  in  a 
small  proportion  of  animals.   Suckling  mouse  brain  antigens  from 

later  passages  fixed  complement  with  homologous  human  convalescent 
serum,  and  in  both  neutralization  and  CF  tests  4-fold  or  greater 
rises  in  antibody  to  the  two  agents  were  demonstrated  with  homologous 
paired  acute  and  convalescent  sera.   Hyperimmune  mouse  an ti sera  to 
the  two  viruses  were  used  to  show  that  the  strains  were  antigenically 
Identical  and  that  they  bore  a  relationship  to  MHV.   This  relationship 
was  characterized  by  a  one-way  cross  reaction  in  CF  tests  using  mouse 
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sera,  and  by  the  development  of  4-fold  rises  in  CF  antibody  to  MHV 
by  several  patients  yielding  "IBV-like"  viruses.   Preliminary  evidence 
from  studies  using  the  fluorescent  antibody  technique  have  confirmed 
this  relationship.   Further  studies  of  antigenic  relationships  are 
in  progress,  and  are  being  extended  to  include  several  strains  of 
IBV,  strain  229E,  and  the  other  known  "IBV-like"  viruses.   The  egg 
adapted  Beaudette  IBV  strain  has  been  adapted  to  the  suckling  mouse 
brain,  but  attempts  to  adapt  the  other  "IBV-like"  strains  and  229E 
have  thus  far  been  unsuccessful. 

D.  Recovery  of  Viruses  in  Human  Embryonic  Intestine  (HEI)  Cultures. 
By  the  use  of  HEI  tissue  cultures  6  of  71  previously  negative  specimens 
obtained  during  a  low  virus  recovery  period  were  virus  positive.   These 
agents  resembled  in  morphology  and  antigenicity  the  strain  229E  as 
described  by  Harare  and  Procknow.   This  study  is  described  in  greater 
detail  in  Project  69C  entitled  "The  Etiology  of  Acute  Respiratory 
Disease  in  Adults". 

E.  Further  Studies  in  Organ  Culture.   Our  preliminary  studies 
and  the  work  of  Tyrrell  et  al.  in  England  have  indicated  that  human 
embryonic  tracheal  organ  culture  represents  a  sensitive  technique 
for  the  recovery  of  agents  from  patients  with  respiratory  disease. 
For  this  reason,  and  in  order  to  recover  new  serotypes  in  the  "IBV- 
like"  virus  group,  further  specimens  from  the  common  cold  study  which 
have  failed  to  yield  viruses  by  standard  techniques  have  been  studied 
by  the  organ  culture  technique.   Preliminary  results  indicate  that 

of  23  specimens  passaged  twice  in  organ  culture  6  have  a  ciliary 
iimnobilizing  effect.   Study  of  these  specimens  is  in  progress.   In 
addition,  we  have  completed  study  of  25  pediatric  pneumonia  specimens, 
selected  because  an  agent  was  not  recovered  by  standard  techniques, 
and  because  they  were  collected  during  the  time  period  during  which 
the  "IBV-like"  viruses  were  recovered  from  adults.   No  "IBV-like" 
viruses  were  recovered  after  three  passages  in  organ  culture,  nor  did 
any  of  the  specimens  contain  a  ciliary  immobilizing  agent. 

F.  Seroepidemiologic  Studies.   The  CF  technique  has  been  used  to 
study  paired  sera  from  318  patients  with  common  cold  illness  during 
the  2-year  period  October,  1965  through  September,  1967.   Antigens  of 
the  newly  recognized  virus  group  used  in  this  study  were  mouse -brain 
grown  "IBV-like"  strains  0C38  and  0C43 ,  tissue  culture  grown  MHV,  and 
tissue  culture  grown  strain  229E.   During  the  winter  of  1965-1966, 

the  time  during  which  5  of  the  6  "IBV-like"  virus  strains  were  recovered 
in  organ  culture,  14%  of  illnesses  in  a  5-month  period  were  associated 
with  a  4-fold  or  greater  rise  in  antibody  to  either  0C38,  0C43 ,  or 
MHV.   During  that  time,  evidence  of  229E  infection  was  uncommon. 
However,  the  next  winter  24%  of  illnesses  were  associated  with  a 
serologic  response  to  229E  during  a  5  month  period.   In  this  period, 
evidence  of  "IBV-like"  virus  infection  was  uncommon. 

It  is  planned  to  extend  these  observations  to  include  sera  from 
previous  years  of  the  NIH  common  cold  study  and  also  paired  sera  from 
adults  and  children  with  lower  respiratory  infection. 
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G.   Biologic  and  Biophysical  Studies.   Continued  efforts  to 
demonstrate  growth  of  the  "IBV-like"  viruses  in  tissue  culture  have 
been  unsuccessful.   Cell  lines  tested  have  included  not  only  human- 
derived  cultures  but  rodent  and  animal  derived  cultures,  many  of 
which  support  the  growth  of  MHV  or  IBV. 

Attempts  have  been  made  to  prepare  purified,  concentrated 
preparations  of  several  members  of  this  group  of  viruses.   Strain  229E 
was  chosen  for  most  preliminary  work.   Treatment  with  chemical  agents, 
differential  centrifugation,  and  density  gradients  have  been  employed 
but  efforts  thus  far  have  been  only  moderately  successful.   This  is 
apparently  because  of  the  lipid  content  of  the  virus  and  its  close 
association  with  membranes  of  the  endoplasmic  reticulum.   Preliminary 
evidence  from  isopycnic  density  gradient  centrifugation  indicates  that 
the  density  of  strain  229E  is  1.16-1.20  in  sucrose,  similar  to  that 
of  the  myxoviruses  and  the  RNA  tumor  viruses . 

Investigations  into  the  detailed  morphology  and  internal  structure 
of  strain  229E  and  IBV  have  been  conducted  using  various  chemical 
and  physical  degrading  agents.   Preliminary  results  indicate  that  unlike 
the  paramysoviruses ,  they  do  not  contain  a  ribonucleic  acid  internal 
component  which  can  be  easily  released  by  detergents  or  lipid  solvents. 

SIGNIFICANCE  OF  THE  PROGRAM  TO  THE  INSTITUTE 

The  search  for  new  agents  using  the  techniques  outlined  above 
is  of  importance  in  identifying  possible  etiologic  agents  in  respiratory 
disease,  and  as  an  initial  step  toward  the  ultimate  goals  of  prevention 
and  therapy.   The  recent  discovery  of  a  new  group  of  agents,  the 
"IBV-like"  viruses  and  the  morphologically  related  strain  229E,  attests 
to  the  value  of  this  vsndeavor.   Further  study  of  the  biologic  and 
biophysical  nature  of  these  viruses,  and  the  epidemiology  and  pathogenesis 
of  disease  caused  by  them  can  be  expected  to  bring  us  closer  to  those 
goals. 

PROPOSED  COURSE  OF  PROJECT 

It  is  planned  to  administer  one  "IBV-like"  virus  strain  to  a 
group  of  adult  volunteers  in  order  to  study  its  pathogenicity  in  man. 
Further  epidemiologic  surveys  will  be  conducted  to  assess  the  role  of 
infection  by  members  of  this  group  of  viruses  in  respiratory  tract 
illness.   It  is  hoped  that  further  biophysical  and  biological  studies 
will  contribute  information  on  their  chemical,  morphologic,  physical 
and  antigenic  makeup  and  on  virus-cell  interactions.   In  addition, 
the  search  will  continue  for  new  agents  from  patients  with  respiratory 
disease  using  the  techniques  outlined  in  this  report  and  any  new  systems 
which  appear  worthy  of  investigation. 
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Dr.  Mcintosh  received  invitations  to  speak  or  present  papers  at 
the  following  events: 

1)  A  session  on  Detection  of  Occult  Viruses,  American  Association 
of  Iinmunologists,  Federation  of  American  Societies  for 
Experimental  Biology,  Atlantic  City,  April  16,  1968. 

2)  Annual  Physicians'  Symposium  on  Respiratory  Diseases, 
Montgomery  Tuberculosis  and  Respiratory  Disease  Association, 
National  Naval  Medical  Center,  March  20,  1968. 

3)  A  Conference  on  Myxovirus  Infections,  United  States-Japan 
Cooperative  Medical  Science  Program,  Tokyo,  Japan, 
December  2-4,  1968. 


Publications; 

1)   Becker,  W.  B. ,  Mcintosh,  K.,  Dees,  J.  H.,  Chanock,  R.  M. , 
Morphogenesis  of  Avian  Infectious  Bronchitis  Virus  and  a 
Related  Human  Virus  (Strain  229E),  J.  Virol  1:   1019-1027. 
October,  1967. 

2.   Mcintosh,  K. ,  Becker,  W.  B. ,  Chanock,  R.  M. ,  Growth  in 
Suckling-Mouse  Brain  of  "IBV-like"  Viruses  from  Patients 
with  Upper  Respiratory  Tract  Disease,  Proc .  Nat ' 1  Acad. 
Sci.  58:   2268-2273,  December,  1967. 
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Project  Description: 

Ob  iect ivesi   (a)  To  study  the  host  factors  involved  in  the  pathogenesis  of 
viral  and  mycoplasma  I  respiratory  diseases,   (b)  To  evaluate  the  safety  and 
effectiveness  of  inactivated  and  live  attenuated  vaccines  developed  for  the 
prevention  of  respiratory  illness,   (c)  To  search  for  attenuated  strains  of 
RS,  parainfluenza  and  influenza  viruses  for  use  in  live  vaccines  using  low 
temperature  adaptation  and  chemical  mutagenesis  as  means  of  producing  the 
desired  mutants,   (d)  To  evaluate  different  routes  of  administration  of  inac- 
tivated viral  antigens  and  live  viruses  in  an  attempt  to  induce  resistance 
wi  thout  i I  I ness. 

Methods  Employed:  Virus  and  mycoplasma  strains  used  to  Infect  selected  volun- 
teers are  grown  and  tested  for  absence  of  adventitious  agents  In  this 
laboratory.  Vaccines  are  prepared  by  several  commercial  laboratories  which 
are  under  contract  to  the  Vaccine  Development  Branch  of  NIAID. 
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The  adult  volunteers  are  selected  from  adult  male  inmates  of  D.  C.  or 
Maryland  State  Prisons  on  the  basis  of  general  good  health  and  neutralizing 
antibody  status  for  the  particular  agent  to  be  studied.  They  are  maintained 
in  isolation  at  the  D.  C.  Department  of  Corrections  Reformatory  at  Lorton, 
Virginia  or  at  the  University  of  Maryland  Medical  School,  Jessup  Reformatory 
Volunteer  facility.  The  volunteers  are  examined  daily  by  a  physician,  and 
cultures,  respiratory  secretions,  and  blood  samples  are  taken  when  appropriate. 

After  parental  consent  has  been  obtained,  school  age  children  from  the  Laurel 
Children's  Center  of  the  Welfare  Department,  D.  C.  are   transferred  to 
Children's  Hospital  of  D,  C.  and  maintained  in  isolation.  Children  are 
selected  on  the  basis  of  good  health  and  absence  of  an  acute  infectious 
disease.  Medical  surveillance  and  collection  of  cultures,  respiratory 
secretions  and  sera  are  performed  by  physicians  of  the  Children's  Hospital  of 
D.  C,  Research  Foundation. 

Ma  jor  Findings ;   (I)  L,ow  temperature  adapted  RS  virus;  The  26  "C  adapted  RS 
virus,  which  was  shown  last  year  io  exhibit  both  reduced  infectivity  and 
virulence  for  adult  volunteers,  was  administered  to  14  children  at  Children's 
Hospital  of  D.  C.  after  parental  permission  had  been  obtained.  Three  of  8 
children  12  to  13  years  of  age  and  3  of  6  children  7  to  9  years  of  age  or  a 
total  of  6  of  14  children  shed  RS  virus  after  intranasal  instillation  of 
approximately  \(f '^    to  lO'^'^  TCD50  of  bovine  embryonic  kidney  tissue  culture 
grown  virus.  No  signs  or  symptoms  of  respiratory  tract  disease  were  observed. 
A  study  of  pre-  and  post-challenge  sera  from  the  first  8  vaccinees  failed  to 
reveal  evidence  of  a  serum  neutralizing  antibody  response.  The  nasal 
secretory  antibody  response  is  currently  being  evaluated.  The  pattern  of 
virus  shedding  by  the  young  vaccinees  conforms  to  that  seen  in  the  previously 
studied  adult  volunteers — the  RS  vaccine  virus  was  shed  later  after  challenge 
and  for  a  longer  period  than  the  parent  virus  from  which  it  was  derived. 

The  findings  to  date  in  the  pediatric  vaccinees  indicate  that  the  low  tempei — 
ature  RS  virus  is  attenuated  for  individuals  7  to  13  years  of  age.  Since  each 
of  the  vaccinees  possessed  moderately  high  levels  of  serum  neutralizing  anti- 
body prior  to  virus  instillation  and  had  presumably  undergone  multiple  prior 
RS  infections,  the  critical  question  of  virulence  of  the  low  temperature 
strain  for  the  previously  unexposed  host  (i.e.  the  young  infant)  remains  to 
be  answered. 

(2)  l^ow  temperature  adapted  influenza  A^,  virus  (As/AA/B/eO) :  This  virus, 
which  was  recovered  by  Dr.  H.  Maassab  in  primary  calf  kidney  tissue  culture 
and  adapted  by  him  to  growth  at  25''C,  was  propagated  at  25°C  in  calf  kidney 
culture  and  then  evaluated  in  adult  volunteers  in  studies  performed  in  col- 
laboration with  Drs. Richard  Hornick  and  Y.  Togo  of  the  University  of  Maryland. 
The  virus  tested  represented  the  15th  passage  in  calf  kidney  culture,  the 
last  10  passages  being  performed  at  25°C.   In  the  first  study,  5  volunteers 
with  pre-cha I lenge  serum  neutralizing  antibody  levels  of  1:16  to  1:160  were 
given  10^"°  TCD50  of  virus  by  intranasal  instillation  and  oropharyngeal  spray. 
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None  of  these  indi vidua  is  appeared  to  have  been  infected  nor  did  illness 

occur.  Virus  was  not  recovered  during  the  10  day  post-chal iengs  interval  nor 

was  a  serological  response  detected  by  the  neutralization,  complefnent  fixation 
or  H{  techniques. 

fn  the  second  study  IC^*^  TCD50  of  virus  was  given  +0  8  volunteers  who  had 
pre-cha i ienge  serum  neutralizing  antibody  levels  of  i :4  (3  men),  1:8  (2  men) 
or  I:i6  (3  men).   Seven  of  the  B  men  becanrte  infected  but  signs  or  symptoms  of 
illness  did  not  develop.  Although  virus  was  not  recovered  during  i he  iO-day 
post-challenge  interval,  ?  of  the  8  volunteers  developed  a  4-fold  or  greater 
rise  in  serum  neutralizing  and  HI  antibodies.  At  3  weeks  there  was  a  slight 
decline  in  antibody  levels  and  this  was  more  marked  at  2-1/2  momths. 
Complement  fixing  antibodies  did  not  develop. 

In  the  second  study  secretory  antibody  response  was  evaluated  for  sputum, 
saliva  and  nasal  secretions.  Each  oi  the  volunteers  either  lacked  detectable 
antibody  or  possessed  a  low  level  of  antibody  (1:2  to  I r4)  in  these  secretions. 
The  7  volunteers  who  developed  a  serologic  response  also  developea  2-fold  or 
greater  rises  in  secretory  antibody  levels.  Thes^  responses  Vere  greater  for 
nasal  secretions  and  sputum  than  for  saliva, 

(3)  Role  of  serum  and  respiratory  tract  antibodies  in  resistance  to  rhinovirus 
infect iori.  Ninety-two  volunteers  were  tested  for  level  of  neutralizing  anti- 
body for  type  13  rhinovirus  in  serum  and  nasai  secretions  (adjusted  to  a 
protein  concentration  of  200  mg  %) .      Twenty-five  volunteers  with  varying 
levels  of  serum  and  nasai  secretory  antibodies  were  selected  Ofiid   then 
challenged  with  10^ '^  TCD50  of   early  passage  rhinovirus  type  !3.  Although  the 
number  of  men  is  too  s(?®!l  to  derive  statistically  significant  correlations  it 
appears  that  both  nasal  secretory  antibody  and  high  levels  of  serum  antibody 
correlated  with  resistance  to  infection  and  illness.  Clearly,  a  larger 
experience  wit!  be  required  to  separate  the  effect  of  these  two  types  of  anti- 
body. 

(4)  Antioenicity  of  inactivated  rhinovirus  type  13  virus  vaccine  administered 
intranasal ly.  Six  volunteers  who  lacked  nasai  secretory  antibody  for  type  13 
virus  and  who  either  lacked  serum  neutralizing  antibody  (3  B»n)  or  possessed 
a  low  level  of  antibody  (3  men)  were  clven  2  to  3  Intranasal  instillations  of 

2  ml  of  inactivated  unconcentrated  rhinovirus  type  13  vaccine.   Each  of  the 

6  volunteers  developed  a  4-  to  54~foid  rise  in  serum  nftutrallzing  antibody  and 

3  of  the  nrsen  developed  secretory  antibody  at  a  titer  of  1 :4  to  I  :5  in  nasal 
Secretions  adjusted  to  200  mg  %   of  protein.  The  2  men  who  received  only  2 
intranasal  jnsti nations  of  vaccine  did  not  develop  detectable  secretory 
antibody,  whereas  3  of  the  4  volunteers,  who  were  given  3  Instillations  of 
vaccine  developed  nasa!  secretory  antibody.  A  control  group  of  5  men  who 
were  kept  under  surveillance  during  the  study  interval  did  not  aevetop  a 
serologic  response  for  type  15  rhinovirus. 
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These  results  are  encouraging  since  they  indicate  that  nasal  secretory  as  well 
as  serum  neutralizing  antibody  can  be  induced  by  inactivated  rhinovirus 
antigen  instilled  in  the  nose.   Since  the  vaccine  used  was  not  as  potent  as 
vaccines  now  in  development,  it  should  be  possible  to  achieve  a  greater  anti- 
body response  using  more  potent  concentrated  vaccine  preparations. 

(5)  Antigenicity  of  inactivated  ^^  pneumoniae  vaccine:  Previous  inactivated 
vaccTnes  have  not  stimulated  growth- inhi biting  antibodies  in  more  than  50%   of 
seronegative  volunteers.  Recently  Drs.  Somerson  and  Senterfit  (supported  by 
Vaccine  Development  Branch,  N|A|D)  prepared  an  inactivated  vaccine  which  was 
unusually  antigenic  when  tested  in  guinea  pigs.  Using  the  "glass  surface 
growth"  technique,  developed  in  LVD,  they  found  that  two  factors  were  of 
major  importance  in  determining  the  antigenicity  of  the  final  vaccine:   rigid 
maintenance  of  pH  above  7.2  during  cultivation  and  harvesting  of  organisms 
while  they  were  still  in  the  log  phase  of  growth.  An  inactivated  M.  pneumoniae 
vaccine  prepared  by  them,  which  incorporated  these  new  concepts,  was  tested 
in  25  volunteers,  15  of  whom  lacked  detectable  serum  growth-inhibiting  anti- 
body. Thirteen  of  the  15  seronegative  volunteers  developed  growth-inhibiting 
antibodies  (titers  of  1:1.5  to  1:128)  after  2  intramuscular  injections  of  I 
ml  of  vaccine.  There  were  no  significant  adverse  reactions  to  the  vaccine. 
These  results  are   encouraging  and  it  now  appears  that  we  are   approaching  the 
desired  level  of  antigenicity  wherein  [^^  pneurTK)niae  vaccine  will  induce 
moderate  levels  of  growth- inhi biting  antibodies  in  all  seronegative  individuals. 

Significance  of  the  Program  to  the  institute:  The  findings  which  have  emerged 
from  the  volunteer  studies  of  this  section  have  a  direct  and  immediate 
relevance  to  the  institutes  mission  of  disease  prevention.  One  of  the  most 
pressing  needs  in  respiratory  disease  control  involves  the  prevention  of 
serious  RS  virus  illness  in  infancy.  Our  demonstration  that  a  low  temperature 
adapted  RS  virus  strain,  previously  shown  to  be  attenuated  for  adults, 
produced  a  silent  infection  in  school  aged  children  represents  a  potentially 
important  second  step  toward  eventual  control  of  this  important  pediatric 
respiratory  tract  pathogen. 

Equally  pressing  is  the  need  for  an  influenza  virus  vaccine  which  approaches 
100^  in  its  protective  effect.  Current  inactivated  vaccines  given  parenteral ly, 
although  effective,  do  not  provide  this  desired  level  of  prophylaxis.  Studies 
of  low  temperature  adapted  influenza  Ag  in  volunteers  represents  an  extension 
of  laboratory  investigations  which  indicated  that  mutation  of  influenza  Ag 
virus  to  low  temperature  growth  was  associated  with  decreased  virulence  for 
mice.  The  present  studies  rrey  be  of  immediate  practical  importance  if  low 
temperature  adapted  influenza  As  virus  proves  similarly  to  be  attenuated  for 
man.   Preliminary  results  indicate  that  this  is  so.   Eventual  control  of 
influenza  disease  will  be  greatly  facilitated  if  mutation  to  low  temperature 
growth  is  found  to  be  a  reliable  laboratory  marker  of  attenuation  of  influenza 
virus  for  man. 
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Rhinovirus  infection  constitutes  the  leading  cause  of  common  cold  illness  in 
adults.   Our  current  success  in  stimulating  the  development  of  respiratory 
tract  and  serum  antibodies  by  intranasal  instillation  of  inactivated  rhino- 
virus  may  prove  to  have  immediate  as  well  as  long  term  significance  in  the 
control  of  acute  respiratory  tract  disease.   The  immediate  effect  of  these 
findings  has  been  to  redirect  our  efforts  toward  intranasal  immunization 
for  prevention  of  rhinovirus  infection.   Induction  of  nasal  antibody  by  this 
procedure  is  particularly  encouraging  since  a  number  of  recent  studies,  both 
from  this  section  and  other  laboratories,  have  emphasized  the  major  role  of 
respiratory  tract  secretory  antibody  in  resistance  to  respiratory  tract 
infection  and  illness.   Intranasal  instillation  of  inactivated  rhinovirus 
antigen  represents  a  simple  approach  to  rhinovirus  prophylaxis  which  may  be 
expanded  in  future  studies  to  provide  broad  protection  against  the  multitude 
of  rhinovirus  serotypes.   Possibly  this  could  be  accomplished  by  the  use  of 
polyvalent  preparations  or  by  the  administration  of  monovalent  antigens 
seriatim. 

Proposed  Course  of  Study ;  Evaluation  of  the  low  temperature  adapted  RS  virus 
strain  will  continue.  Cautious  stepwise  study  of  this  virus  will  be  extended 
in  progressively  younger  age  groups — the  ultimate  aim  of  the  program  is  to 
produce  a  silent  immunizing  infection  in  young  infants. 

Low  temperature  adapted  influenza  Ag  virus  will  be  evaluated  in  a  large  group 
of  adult  volunteers  to  determine  its  potential  usefulness  as  an  immuno- 
prophylactjc  procedure.   In  addition,  those  temperature  sensitive  influenza 
^2   mutants  which  emerge  from  the  chemical  mutagenesis  program  (N|A|D  70  A) 
will  be  evaluated  in  volunteers  for  evidence  of  attenuation  and  antigenicity. 

The  nasal  secretory  antibody  response  to  topically  administered  inactivated 
rhinovirus  antigens  will  be  studied  in  volunteers  to  determine  its  applicability 
to  rhinovirus  prophylaxis.  The  protective  effect  of  this  procedure  will  be 
evaluated  by  immunizing  volunteers  with  inactivated  rhinovirus  vaccine  by  the 
intranasal  route  and  then  challenging  these  individuals  with  the  homologous 
live  virus.   Parallel  studies  are   planned  for  inactivated  RS  virus  vaccine. 

Evaluation  of  >^.  pneumoniae  vaccines  in  volunteers  will  be  reserved  for  those 
preparations  which  prove  to  be  of  greater  potency  in  guinea  pigs  than  the 
vaccine  lots  tested  previously.  The  aim  of  this  quest  is  an  inactivated 
vaccine  which  will  stimulate  moderately  high  Isvels  of  growth  inhibiting  anti- 
bodies in  all  seronegative  recipients.  An  alternate  approach  to  immunopro- 
phylaxis  will  also  be  explored;  those  temperature  sensitive  M.  pneumoniae 
mutants  which  are  developed  in  the  chemical  mutagenesis  program  (NIAjD  70  C) 
will  be  evaluated  in  volunteers  for  suitability  as  a  live  attenuated  vaccine. 

Honors  and  awards:   NONE 
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PHS-NIH 
Summary  Statement 
Laboratory  of  Microbiology,  NIAID 
July  1,  1967   through  June  30,  1968 

Introduction 


This  Laboratory,  having  been  approved  by  the  Surgeon  General  on  April 
6,  1967,  was  established  as  of  July  2,  1967.   It  includes  the  Office  of  the 
Chief,  the  Bacterial  Structure  and  Function  (BSF)  Section  (formerly  the 
Medical  and  Physiological  Bacteriology  Section  of  the  Laboratory  of  Infec- 
tious Diseases),  and  the  Medical  Mycology  (MM)  Section  (formerly  of  the 
Laboratory  of  Infectious  Diseases) .   As  established,  the  Laboratory  com- 
prised 35  personnel,  of  which  12  were  doctoral  level  investigators,  2  sec- 
retaries, 8  professional  series  technicians,  10  other  technicians,  and  3 
animal  caretakers.   Since,  one  Staff  Associate  (M.D.)  and  4  members  of  the 
professional  series  technical  staff  have  left:   Dr.  Richard  T.  Coussons, 
Staff  Associate  (BSF)  completed  his  two-year  tour  of  duty;  and  Mrs.  Colette 
L.  Dans,  B.S.  (BSF);  Mrs.  Diane  L.  Corley,  M.S.  (BSF);  Mrs.  Joyce  A.  Tigner, 

B.A.  (BSF);  and  Miss  Martha  Shacklette,  M.S.  (MM,  MARU) ,  resigned  for  a 
variety  of  reasons.   Dr.  James  R.  King  (S.A.  Scientist)  joined  the  BSF  Sec- 
tion in  July  1967  to  strengthen  our  investigations  of  bacterial  L  forms, 
and  Misses  Ethel  Arrendell,  B.A.,  and  Janet  Leutz,  B.S.,  came  on  duty  in 
the  same  section  in  August  and  September,  respectively.   We  anticipate  the 
arrival  in  late  May,  1968,  of  Dr.  Isaac  Ginsburg,  Chief  of  Microbiology  at 
the  Hadassah  University  Dental  School  of  Jerusalem,  Israel,  who  will,  as  a 
Visiting  Scientist,  pursue  his  investigations  of  the  toxic  and  pathogenic 
effects  of  streptococci  and  their  products,  in  collaboration  with  Dr.  Cole, 
Chief,  LM.   In  July  1968  we  will  be  joined  by  Dr.  Harry  Gallis,  from  Duke 
University  Medical  School  and  Hospital,  as  Staff  Associate;  and  by  Dr.  Jon 
Ranhand  from  the  University  of  Cincinnati  as  Post  Doctoral  Fellow  to  work 
in  bacterial  genetics.   In  July  also,  Dr.  Josef  Sandula  of  the  Slovak  Acade- 
my of  Sciences,  Bratislava,  Czechoslovakia  will  join  the  MM  Section  for  a 
year's  work  as  Visiting  Scientist,  in  immunochemistry  of  pathogenic  yeasts 
with  Dr.  Herbert  Hasenclever. 

Bacterial  Structure  and  Function  Section 

The  scientific  interests  of  our  investigators  in  this  re-named  Section 
of  the  new  Laboratory  continue  to  be  reflected  in  long-term  basic  studies. 
These  include,  as  before,  investigations  of  electron  transport  mechanisms 
in  an  autotrophic  bacterium;  the  nature  and  possible  role  of  a  cell  wall 
autolytic  enzyme  in  Staphylococcus  aureus;  the  role  of  iron  -  particularly 
as  related  to  naturally-occurring  protein  iron-chelators  in  blood  and  milk 
-  in  bacterial  metabolism  and  in  protection  against  bacterial  infection; 
synthesis  and  detoxification  of  antimicrobial  and  antitumor  organic  com- 
pounds; extraction  and  purification  of  naturally  occurring  antimicrobial 
and  anti-tumor  agents  from  foodstuffs;  the  structure  of  serologically- 
active  lipid  hapten  from  Mycoplasma  pneumoniae;  comparative  electron 
microscopy  of  bacterial  L-forms;  infection  of  tissue  cultures  by  L-forms; 


and  competence  and  transformation  systems  in  streptococcal  genetics.   Re- 
cently added  projects  -  most  of  which  have  as  yet  produced  only  preliminary 
results  -  include  studies  of  growth  and  replication  in  L-forms  of  Strepto- 
cocci; identification  of  L  forms,  and  parent  bacteria  by  gel  electrophore- 
sis of  extractable  proteins;  transduction  in  Group  A  Streptococci;  and  elec- 
tron microscopy  of  defective  sporulation  and  germination  in  mutants  of  Ba- 
cillus subtilis. 

During  the  year,  Dr.  Roger  M.  Cole  (Chief,  LM)was  appointed  (Feb.  16, 
1968)  as  Project  Officer  for  Contract  PH  43-68-83  (University  of  Chicago) 
of  the  Collaborative  Research  Program,  NIAID.   This  contract  was  awarded  on 
Jan.  23,  1968.   The  scientific  personnel  involved  are  Drs.  Albert  Dorfman 
and  Eugene  N.  Fox  of  the  La  Rabida-University  of  Chicago  Institute  and  De- 
partment of  Pediatrics,  and  the  purpose  of  the  contract  is  clinical  evalua- 
tion of  prototype  streptococcal  vaccines.   Such  "vaccines"  are  purified 
preparations  of  type- specif ic  M  protein  antigens  from  Group  A  streptococci 
-  which  are  of  direct  interest  to  this  laboratory's  program  in  streptococci 
and  with  which  we  have  had  some  experience. 

New  Fermentor  Improves  Yield  of  Electron  Transport  Enzymes. 

Continuing  studies,  as  reported  in  past  years,  have  been  directed  to 
elucidation  of  the  enzymatic  steps  by  which  an  autotrophic  bacterium. 
Hydros enomonas  eutropha,  oxidizes  molecular  hydrogen  to  water.   In  this 
electron  transport  system,  unlike  most  others,  all  the  necessary  enzymes 
and  CO- factors  can  be  found  in  the  soluble  fraction  of  the  bacterial  cyto- 
plasm instead  of  being  bound  to  particulate  fractions  or  organelles.   Iso- 
lation, purification,  and  characterization  of  the  enzymes  is  therefore 
relatively  simple  and  a  number  of  such  enzymes  have  been  partially  purified. 
However,  enzyme  purification  methods  are  facilitated  by  large  cell  yields 
as  starting  material.   In  the  past  year,  a  specially  altered  automatic  fer- 
mentor of  25  liter  capacity,  was  installed  and  put  in  operation.   It  was 
found  that  the  usual  lag  phase  (of  2  to  8  hours)  of  growth  can  be  almost 
eliminated  by  an  initial  gas  mixture  of  high  CO2  and  low  O2,  with  conse- 
quent shorter  growing  times.   In  the  resultant  dense  cell  populations,  mag- 
nesium appears  to  be  a  limiting  nutrient,  and  must  be  supplied  suppemental- 
ly.   Under  these  conditions,  yields  of  30  grams  of  cells  per  liter,  or  of 
750  grams  of  cell  paste  from  the  entire  25  liter  fermentor,  have  been  ob- 
tained --as  compared  with  10  grams  per  liter  of  cells  of  some  other  bac- 
teria grown  under  other,  but  presumed  optimal  conditions.   The  improved  con- 
ditions in  the  fermentor  have  resulted  in  10  to  20  times  more  hydrogenase 
(the  particular  enzyme  studied  this  year)  per  cell,  allowing  purification 
of  a  preparation  that  is  twenty-fold  more  active  per  mg.  of  protein,  than 
the  starting,  cell-free  extract  -  and  200  to  400-fold  more  active  than  the 
enzyme  in  extracts  from  cells  grown  by  previous  methods.   Similar  improve- 
ment in  yields  and  purification  of  other  enzymes  in  the  chain  can  be  ex- 
pected, thus  permitting  eventually  complete  definition  of  an  energy-pro- 
ducing system  which  is  a  model  for  similar  systems  vital  for  life  and 
growth  of  all  cells. (Dr.  Roy  Repaske) . 


staphylococcal  Autolytic  Enzyme  Acts  Preferentially  on 
Recently  Synthesized  Cell  Wall 

Prior  work  in  this  Laboratory  established  the  presence,  as  measured 
by  release  of  isotope-labelled  phosphorus  from  walls,  of  a  lytic  enzyme  in 
cell  walls,  in  freeze-thaw  extracts  of  cells,  or  in  the  growth  medium,  of 
Staphylococcus  aureus  strain  8507.   The  specific  activity  of  the  freeze- 
thaw  enzyme  (AFZ) ,  partially  purified,  is  low  (300-500  units  per  mg.  pro- 
tein) .   However,  sucrose  gradient  studies  of  both  AFZ  and  medium  enzyme 
(MZ)  showed  enzyme  activity  at  low  ionic  strength  in  large  molecular  weight 
aggregates  (>1,000,000) .   By  shifting  to  high  ionic  strength,  disaggrega- 
tion to  a  molecular  weight  of  about  30,000,  with  retention  of  enzyme  activi- 
ty, was  observed.   With  this  knowledge,  MZ  was  purified  6-fold,  with  activi- 
ty increasing  more  than  1000-fold.   Although  still  impure  by  electrophoresis, 
the  final  specific  activity  was  60,000  units  per  mg.  protein  --  nearly  a  100- 
fold  improvement  over  the  best  AFZ  preparations.   Tests  to  determine  the  pre- 
cise type  of  enzyme  action  (amidase  or  glycosidase)  are  now  possible,  and  in 
progress.   Meanwhile,  studies  with  available  AFZ  enzyme  -  even  though  of 
lower  activity  -  demonstrated  that  it  released  P-*   from  the  most  recently- 
synthesized  portions  of  cell  wall.   Another  enzyme  (Chalaropsis  B  enzyme), 
known  to  be  a  glycosidase,  acted  similarly:  whereas  yet  another  ( lysostaphin) 
which  splits  glycine  bridges  of  the  peptide  portion  of  basal  cell  wall,  did 
not.   Further  evidence  of  the  dissimilarity  of  lysostaphin  and  AFZ  is  fur- 
nished by  the  failure  of  the  former  to  act  on  walls  of  Micrococcus  lysodeikti- 
cus  which  are  lysed  by  AFZ.   These  results  suggest  that  the  staphylococcal 
enzyme  under  study  may  be  a  glycosidase  which  is  normally  utilized  for  an 
"unlinking"  step  in  the  replication  of  wall  in  the  growing  cell  -  and  is 
therefore  similar  in  this  respect  to  the  autolytic  enzyme  of  Streptococcus 

fecalis  9790  reported  by  Shockman.  The  latter,  however,  unlike  AFZ,  can 
be  activated  by  proteolytic  enzymes.  Studies  to  compare  AFZ,  or  MZ,  with 
the  activity  of  an  amidase  type  of  enzyme  on  labelled  walls  are  planned  - 

in  order  to  determine  precisely  which  type  of  linkage  is  temporarily  bro- 
ken as  staphylococcal  cell  walls  grow. (Dr.  Eskia  Huff) . 

Properties  of  Iron-Chelating  Protein  of  Human  Milk  Investigated 

Ekkrinosiderophilin  is  a  previously  discovered  protein  of  milk  which 
has  a  high  binding  capacity  for  iron.   Comparison  of  samples  of  human  milk 
showed  that  milk  supplied  the  new-born  infant  is  high  in  this  protein,  of 
which  only  about  57o  is  iron- saturated;  whereas  older  infants  receive  milk 
which  has  1/4  as  much  such  protein  but  which  is  207o  iron- saturated.   Gen- 
tle methods  of  protein  purification  by  DEAE-Sephadex  column  chromatography 
resulted  in  a  product  with  a  sedimentation  constant  (S20,w)  of  about  5.^^- 
5.  -',  and  a  molecular  weight  (by  sedimentation  and  diffusion  analysis)  of 
about  83,000.   A  higher  sedimentation  value  for  total  iron-binding  protein 
in  skim  milk,  toward  which  the  S  value  shifts  when  purified  protein  is  mixed 
with  skim  milk,  suggests  an  association  with  some  other  protein  in  the  native 
state.   By  electrophoresis  on  polyacrylamide  gel  and  on  cellulose  acetate, 
ekkrinosiderophilin  appears  to  be  a  gamma  globulin  -  of  which  98%  can  be 
precipitated  by  anti-ekkrinosiderophilin  serum,  and  only  TL   by  antiplasma 
siderophilin.   Although  both  the  milk  protein  and  its  counterpart  (sider- 


ophilin)  of  blood  have  been  shown  to  effectively  deny  needed  iron  to  certain 
bacteria  growing  rn  vitro,  their  roles  in  non-specific  immunity  -  and  par- 
ticularly the  significance  of  changes  in  concentration  and  iron-saturation 
of  the  human  milk  protein  after  parturition  -  require  further  study, (Dr. 
Arthur  Schade,  with  Drs.  William  Carroll,  Charles  Pallavacini,  and  Ulrich 
Wiesmann,  NIAMD) . 

Iron  Deficiency  Impairs  Aerobic  Respiration,  but  not  Anaerobic 
Glycolis,  in  Staphylococcus  aureus. 

Prior  studies  in  this  Laboratory  showed  that  Staphylococcus  aureus, 
cultured  aerobically  in  an  iron-deficient  medium,  grew  poorly  -  seemingly 
as  a  result  of  low  catalase  and  cytochrome  activities.   The  patterns  of 
cyanide  and  carbon  dioxide  inhibition  of  respiration  were  changed  also; 
and,  in  the  absence  of  growth,  iron-proteins  of  the  cell  were  not  synthe- 
sized nor  activated.   Cytochrome  a  was  absent,  and  cytochromes  _b  and  o  were 
present  at  only  very  low  levels.   However,  anaerobic  glycolysis  was  not 
affected.   The  cocci  contained  only  approximately  1/200  as  much  iron  as  did 
those  cultured  in  the  presence  of  adequate  ionic  iron,  which  latter  cells 
grew  well  and  exhibited  none  of  the  above-mentioned  deficiencies.   The  ten- 
tative conclusion  was  that  poor  growth  in  iron-deficient  media,  aerobically, 
is  the  direct  result  of  an  impaired  oxidative  system. 

To  test  this  hypothesis  further,  similar  experiments  were  peformed 
under  strict  anaerobic  conditions  during  this  past  year.   Anaerobically, 
the  staphylococcus  requires  glucose  as  an  energy  source,  converting  it  al- 
most quantitatively  to  lactic  acid  without  participation  of  any  known  oxi- 
dative pathway.   Under  such  conditions,  iron-deficient  and  iron-rich  cells 
were  not  distinguishable  by  initiation  nor  rate  of  growth,  nor  by  total 
growth.   Both  showed  high  anaerobic  glycolysis  but  low  catalase  activity. 
No  oxidation  of  acetate  nor  tricarboxylic  acid  cycle  intermediates  took 
place,  and  oxidation  of  glucose,  pyruvate,  and  lactate  was  poor.   However, 
the  cocci  grown  in  high  iron  contained  nearly  10  times  more  iron  than  those 
grown  in  low  iron.   Nevertheless,  both  iron-rich  and  iron-deficient  cells, 
grown  anaerobically,  lack  cytochrome  a  and  have  low  levels  of  cytochromes 
b  and  o  --  the  situation  seen,  aerobically,  only  in  iron-deficient  cells. 
These  findings  confirm  the  impairment  of  aerobic  respiration  in  iron-deficient 
cells,  and  suggest  that  iron  requirements  during  anaerobic  growth  are  less 
stringent  --  as  might  be  expected,  in  retrospect,  because  energy  for  biosyn- 
thesis during  aerobic  growth  is  normally  supplied  by  oxidations  coupled  to 
an  electron  transport  system  dependent  on  iron-containing  cytochromes,  where- 
as energy  supply  during  anaerobic  growth  involves  only  the  cycle  of  anaerobic 
glycolysis  which  is  unrelated  to  iron-containing  enzymes.   Such  results  are 
important,  not  only  in  understanding  intermediary  metabolismi  of  many  cell 
types,  but  also  in  helping  to  explain  the  role  in  non-specific  defense  mecha- 
nisms of  substances  like  the  iron-binding  proteins  of  blood  and  other  body 
fluids  and  secretions,  which  may  competetively  determine  levels  of  ionic 
iron  available  to  infecting  microorganisms. (Dr.  Theodore  Theodore). 


Structure  of  Active  Hapten  of  Mycoplasma  pneumoniae  Studied. 

The  hapten  which  confers  serological  specificity  on  complement- 
fixation  and  growth- inhibition  tests  for  Mycoplasma  pneumoniae  was  thought, 
from  our  prior  studies,  to  be  an  homogeneous  phospholipid-  and  nitrogen- 
containing  substance  of  a  peptidyl  phosphatide  nature.   Recent  studies, 
however,  indicated  non-homogeneity  of  the  preparation,  and  more  sensitive 
methods  of  purification,  utilizing  silicic  acid  columns  eluted  with  mix- 
tures of  organic  solvents  by  two  different  techniques,  have  shown  the 
greatest  activity  removed  in  a  9:1,  chloroform-methanol  mixture.   Single- 
spot  analysis  on  thin-layer  chromatographic  plates  was  used  to  demonstrate 
the  homogeneity  of  eluates:   when  homogeneous,  no  nitrogen  nor  carbohy- 
drate could  be  detected  in  the  product.   Hydrolytic  methods  showed  a  ratio 
of  2  phosphorus  to  3  glycerols  to  5  fatty  acids  in  the  hapten  molecule  -- 
a  similarity  to  natural  cardiolipins  which  was  not,  however,  supported  by 
other  comparative  testing.   Present  emphasis  is  on  the  glycerol  and  fatty 
acid  linkages  of  the  hapten,  in  order  to  determine  molecular  configuration 
and  aid  in  possible  synthesis  and  coupling  to  a  protein  or  polysaccharide 
to  produce  an  immunizing  substance.   (Dr.  Benjamin  Prescott) . 
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African  Onions  Contain  Anti-Tumor  Substance 

As  part  of  a  continued  search  for  new  antimicrobial  and  antitumor 
agents,  water  extracts  of  a  variety  of  molluscan  and  plant  food  substances 
have  been  made  and  tested.   Activities  have  been  shown  previously  in  ex- 
tracts of  abalone,  oyster,  hard  clam,  conch,  squid,  sea  snail,  and  snow 
peas.   Recently,  studies  were  made  of  distilled  water  extracts  of  the  bulb 
of  the  African  onion  (Muscari  comosum) ,  following  purification  by  ethanol 
precipitation  or  column  chromatography  on  Sephadex  G-25.   The  light  tan, 
water-soluble  and  non-dialyzable  products  contained  polypeptide  and  car- 
bohydrate, of  which  the  latter  comprised  157o.   The  peptide  contained  15 
amino  acids,  excluding  any  containing  sulfur.   No  tannins  were  found. 

Two  ethanol  precipitates  (33%  and  507o  ethanol),  and  the  first  eluate 
fraction  from  the  Sephadex  column,  showed  activity  in  mice  against  Walker 
256  (intramuscular)  carcinoma.   The  materials  reduced  tumor  weights  to 
about  47  to  237=  of  control  tumor  weights  depending  on  dosage  (100  to  400 
mg/kg/day) .   The  ethanol  precipitated  materials  were  the  most  active. 
Normal  DBA  mice  tolerated  daily  doses  of  2g/kg,  either  intraperitoneally  or 
orally,  for  two  weeks  without  evidence  of  toxicity.   No  activity  against 
Leukemia  1210  in  mice  was  shown.   The  material  active  against  carcinoma 
contains  about  437.  carbon,  6.57.  hydrogen,  1.57,  nitrogen,  and  no  phosphorus. 
Further  purification  and  analytical  structural  studies  are  in  progress. 
(Dr.  Benjamin  Prescott,  with  Cancer  Chemotherapy  National  Service  Center, 
NCI). 

First  Transduction  of  Group  A  Streptococci 

In  previously  reported  investigations  of  transfer  of  genetic  informa- 
tion in  streptococci,  we  utilized  transformation  by  isolated  desoxyribonu- 
cleic  acid  of  nutritional  and  antibiotic  resistance  markers  in  group  H  cells. 
Competence  for  transformation  was  achieved  in  a  synthetic  medium,  from  which 
"competence  factor'  could  be  recovered  and  used  to  confer  the  competent 
state  on  otherwise  incompetent   cell  strains  of  the  same  serologic  group. 
Unfortunately,  numerous  attempts  in  this  and  other  laboratories  have  uni- 
formly failed  to  effect  transformation  in  human  pathogenic  streptococci  of 
group  A.   Accordingly,  in  the  past  year,  efforts  were  successfully  directed 
toward  another  method  of  nucleic  acid  transfer  between  group  A  streptococci- 
-  namely,  so  called  transduction,  by  which  a  portion  of  the  donor  cell  ge- 
netic code  is  picked  up  by  a  bacteriophage  as  it  develops  in  the  donor  and 
is  transferred  to  the  recipient  cell  --  in  which  the" defective"  phage, 
after  "infection" ,  does  not  develop  further  to  produce  progeny.   The  trans- 
ferred portion  of  donor  genome  is  integrated  into  the  recipient  genome  and 
its  information  is  expressed  phenotypically  in  the  progeny  of  the  recipient 
streptococci.   These  transductants  are  detected  by  selective  media  which 
allow  survival  and  growth  of  only  those  cells  possessing  the  desired  marker. 
In  this  fashion,  we  transduced  the  property  of  streptomycin  resistance  (S^), 
selected  by  growth  on  agar  plates  containing  streptomycin.   From  a  S^  donor 
of  serologic  type  6,  one  temperate  and  two  virulent  phages  transferred  re- 
sistance to  a  recipient  of  serologic  type  12.   Only  the  latter,  of  6  strains 
of  different  serotypes  tested,  could  be  transduced.   The  highest  efficiency. 


3.4  X  10"^  transductants  per  plaque- forming  unit  (=phage  particle)  was  ob- 
tained with  a  virulent  phage,  which  was  successfully  tested  in  over  22 
separate  experiments.   Specific  anti-phage  serum  inhibited  this  genetic 
transfer,  whereas  it  was  unaffected  by  the  addition  of  desoxyribonuc lease 
(which  inhibits  transformation).   Previously,  in  other  phage-bacteria 
systems,  virulent  phages  have  been  said  to  be  non- transducers  -  or,  at 
best,  poor  transducers.   In  addition,  this  is  the  first  known  instance 
of  transduction  in  group  A  streptococci.   The  availability  of  a  trans- 
ducing system  now  makes  possible  genetic  studies  of  these  important  human 
pathogens,  and  ongoing  studies  of  transduction  of  type- specific  antigens 
are  expected  to  aid  in  explaining  epidemiologic  observations  of  serotype 
changes,  antibiotic  resistance,  and  occurrence  of  "binary"  strains  possess- 
ing two  type-specific  antigens.   (Mrs.  Carmen  G.  Leonard;  Miss  Alba  E. 
Colon;  Dr.  Roger  M.  Cole). 

Bacterial  L  Forms  Identifiable  by  Acrylamide  Gel  Electrophoresis. 

A  current  difficulty  in  bacteriology  is  the  identification  of  bac- 
terial L  forms,  which  are  wall-less,  or  wall-altered,  osmotically-fragile 
bacteria  growing  only  on  special  media.   This  is  a  particular  problem  if 
the  L  form  lacks  cell  wall  entirely  and  is  a  "stable"  form  which  cannot 
be  made  to  revert  to  its  parent  bacterium,  and  thus  identified.   Sero- 
logic methods  in  present  use  give  equivocal  results;  and  the  employment 
of  accurate  techniques  of  nucleic  acid  hybridization  to  determine  genetic 
homology  is  difficult,  time-consuming,  and  requires  highly-specialized 
knowledge  and  apparatus.   Thus,  when  recent  reports  appeared  of  successful 
identification  of  Mycoplasma  sp.  -  (wall-less  microorganisms  similar  to 
L  forms)  -  we  applied  the  described  method  of  banding  of  membrane  proteins 
on  acrylamide  gel  electrophoresis  to  L  forms.   Briefly,  suspensions  of  L 
forms  grown  in  broth  are  lysed  in  distilled  water,  and  the  residual  washed 
membranes  are  extracted  with  phenol-acetic  acid.   The  extracts,  after  gel 
electrophoresis  under  acid  conditions,  and  staining  for  protein,  give  pat- 
terns of  bands  which  are  reproducible  and  specific  for  each  genus  tested. 
L  forms  of  Proteus,  Streptococcus,  S taphylococcus ,  and  Streptobacillus  have 
been  thus  far  tested,  and  the  bands  compared  directly  and  by  automated 
densitometer  tracings.   A  requirement  for  the  utility  of  this  method  is  the 
establishment  of  a  bank  of  reference  strains,  the  identity  of  which  is  not 
in  doubt;  and  we  are  attempting  to  establish  such.   In  addition,  preliminary 
studies  still  in  progress  suggest  that  direct  pehnol-acetic  extracts  of 
the  parent  bacteria  will  give  band  patterns  comparable  to  those  of  their 
respective  derived  L  forms  -  thus  making  this  rapid  and  inexpensive 
method  doubly  useful  in  determining  the  identity  of  an  unknown  isolate. 
(Dr.  James  R.  King,  Theodore  S.  Theodore,  and  Roger  M.  Cole). 

Medical  Mycology  Section 

The  program  in  the  Medical  Mycology  Section  comprises  research  in 
physiology;  experimental  chemotherapy  with  potential  drugs;  ecology  of 
pathogenic  fungi  and  the  mycological  flora  of  soil;  sexuality  and  genetic 
studies  on  pathogenic  fungi;  acquired  resistance  to  experimental  fungal 


disease;  serologic  response  in  leukemic  patients  to  fungal  infections; 
and  the  immunochemistry  of  polysaccharides. 

Successful  Therapy  of  Some  Experimental  Mycoses  in  Mice  with 
Neoheptaene. 

Studies  with  this  drug  have  shown  that  it  possesses  significant 
activity  in  histoplasmosis  and  blastomycosis,  extended  survival  time  in 
cryptococcosis,  but  was  ineffective  in  coccidioidomycosis.   Its  high 
level  of  toxicity  indicates,  however,  that  this  will  not  be  a  useful 
drug.   (Dr.  George  Lones) . 

Reversion  of  Coccidioides  immitis  Spherules  (tissue  form)  to  Mycelial 
Form  in  vitro  by  Normal  Human  Serum. 

It  has  been  previously  shown  that  a  reduction  in  the  size  of  inoculum 
provides  a  reversion  stimulus  which,  in  turn,  can  be  partially  reversed 
by  increased  CO/,  tension.   Aeration  by  bubbling  provides  a  stronger  stimu- 
lus and  can  be  detected  in  4  hours  or  less.   Normal  human  serum  provides 
the  most  powerful  reversion  stimulus  encountered.   A  mixture  of  serum 
albumin,  alpha,  beta,  and  gamma  globulin  is  as  effective  as  whole  serum 
but  individually  have  slight  or  no  activity.   These  observations  show  some 
of  the  physiological  differences  between  the  two  morphological  forms  of 
this  important  fungus  pathogen. 

Some  Features  of  Molecular  Structure  of  Glucans  and  Mannans  Ex- 
tracted from  Species  of  Candida. 

Glucans  isolated  from  C^.  albicans  Group  B  and  C^.  parapsilosis  are 
very  similar  and  have  these  characteristics:   predominant  Bl  -♦  6  linked 
glucopyranose  units,  lesser  but  significant  amounts  of   Bl  -♦  3  linkages 
in  the  linear  portion  of  the  molecule,  and  some  branching.   Mannans  iso- 
lated from  C.  albicans  Groups  A  and  B,  C.  parapsilosis,  C.  stellatoidea, 
and  C.  tropicalis  share  the  following  structural  features:   predominant  manno- 
pyranose  with  some  mannofuranose  units,  predominant  al  -^  2   and  with  lesser 
numbers  of  cvl  -»  3  and  0*1  -»  6  linkages,  and  branching  occurring  at  the 
C2  or  C6  position  of  either  mannosepyranose  or  mannofuranose  units.   The 
differences  noted  are  that  C^.  albicans  A  mannan  is  more  highly  branched 
and  that  the  mannan  isolated  from  C.  tropicalis  has  a  higher  degree  of 
polymerization. 

Immunochemical  studies  show  that  penta  and  hexasaccharides  obtained 
from  the  parent  C.  stellatoidea  mannan  are  more  effective  in  inhibiting 
immune  precipitation  of  the  homologous  antisera  than  are  the  smaller  oligo- 
saccharides. Results  with  the  C.  albicans  Group  B  system  indicate  that  the 
tri- ,  tetra- ,  penta-,  and  hexasaccharides  obtained  from  this  parent  mannan 
are  of  about  equal  effectiveness  in  inhibiting  immune  precipitation.   Some 
characteristics  of  the  haptenic  groups  of  the  mannans  have  been  elucidated 
and  a  continued  emphasis  will  be  directed  toward  molecular  structure  and 
serological  reactivity.   (Dr.  H.  F.  Hasenclever  and  W.  0.  Mitchell;  collab- 
orators Dr.  C.  T.  Bishop,  NRC ,  Canada,  and  Dr.  F.  Blank,  Temple  University, 
Philadelphia.) 


Enhancement  of  Resistance  in  Mice  to  Experimental  Candida  albicans 
Infection  Produced  by  Pertussis  Vaccine,  Salmonella  enteritidis, 
Endotoxin,  or  Sublethal  Preinfection. 

Injection  of  the  vaccine  alone  or  in  combination  with  the  endotoxin 
prolongs  survivor  time  to  toxic  challenge  but  does  not  increase  the  sur- 
vivor rate  to  subtoxic  but  lethal  challenge.   Endotoxin  alone  produces 
similar  results.   Preinfection  with  C.  albicans  is  most  effective  in  in- 
creasing survivor  rate  to  subtoxic,  lethal  challenge  but  is  not  consistent 
in  extending  survival  time  to  toxic  challenge.   There  is  an  inverse  dose 
relationship  in  that  more  significant  protection  is  observed  with  larger 
challenge  doses.   Attempts  are  being  made  to  delineate  these  forms  of  re- 
sistance.  (H.  F.  Hasenclever) . 

Serologic  Response  to  Candida  albicans  of  Leukemic  Patients  with 
Candidiasis . 

Leukemic  patients,  shown  to  have  tissue  invasion  by  histologic  exam- 
ination, demonstrated  a  significant  antibody  rise  before  death.   Agglutina- 
tion was  considerably  more  sensitive  than  immunodiffusion  but,  as  the 
titer  rose,  precipitins  could  be  detected  in  some  patients.   The  serologic 
response  may  be  useful  as  an  indicator  for  the  initiation  of  chemotherapy 
in  such  patients.   (H.F.  Hasenclever  with  Dr.  Harvey  Priesler,  NCI). 

Formation  of  Sexual  Organs  in  Heterothallic  Dermatophytes  by 
£.ontact  or  Culture  Filtrates. 

The  development  of  male  and  female  organs  are  initiated  simultaneously 
by  contact  of  two  opposite  mating  strains.   The  antheridium  (male  organ) 
arises  from  narrow  hyphae  while  the  ascogonial  coil  (female  organ)  develops 
from  wide  hyphae.   The  initiation  of  coiling  can  be  inhibited  by  exposure 
to  intense  light.   The  addition  of  a  culture  filtrate  from  one  mating  type 
to  the  opposite  type  results  in  antheridial  production  only.   The  formation 
of  the  male  organ  occurs  by  extracellular  stimulation  but  not  the  ascognium. 
Antigenic  differences  can  be  observed  between  mating  types  but  cannot  be 
attributed  to  the  mating  type  locus.   Studies  on  the  genetics  of  pathogenic 
fungi  contribute  greatly  to  the  understanding  of  their  rather  confusing  mor- 
phological, physiological  and  pathogenic  variation.  (Dr.  K.  J.  Kwon-Chung) . 

Competitive  Nature  of  Histoplasma  capsulatum  in  Soil. 

The  mycological  flora  in  four  sites,  three  positive  for  H.  capsulatum 
and  1  negative,  have  been  elucidated.   A  total  of  138  species  were  isolated 
from  one  site  and  151  from  three  other  sites.   Generally,  there  was  a 
greater  variety  of  fungi  present  where  Histoplasma  was  found  and  the  exis- 
tence of  vigorous  competitors  and  antagonistic  fungi  appears  to  have  little 
effect.   When  eight  fungi,  shown  to  inhibit  H.  capsulatum  in  vitro,  were 
added  to  soil  cultures  of  this  fungus,  there  was  no  evidence  of  restrictive 
activity.   Once  established  H.  capsulatum  is  a  vigorous  competitor. 


The  vertical  distribution  of  this  fungus  was  restricted  to  the  sur- 
face soil  at  most  sites  but  at  one  was  repeatedly  isolated  at  15  inches. 
More  is  now  known  about  the  ability  of  H.  capsulatum  to  survive  in  a  com- 
petitive microbial  environment  but  the  reason  for  its  restriction  to  cer- 
tain natural  foci  remains  a  mystery.   (Dr.  John  Brandsberg,  with  Robert 
Weeks,  NCDC  Field  Station,  Kansas  City). 


Honors,  Awards,  Lectures,  and  Appointments  of  Laboratory  of  Microbiology  Staff 

Dr.  Roger  M.  Cole: 

Library  Advisory  Committee,  NIH 

International  Health  Career  Development  Committee,  USPHS,  HEW 

Vaccine  Development  Committee,  NIAID,  NIH 

Elected  to  Associate  Membership,  Clinical-Pathological 
Society  of  Washington,  D.  C.  -  Jan.  1968. 

Lectured  by  invitation: 

Canadian  Society  for  Microbiology,  Ottawa  -  June  15,  1967 
Georgetown  University  School  of  Medicine  -  Sept.  22,  1967 
Clinical-Pathological  Society  of  D.  C.     -  May   21,  1967 
Institute  for  Rheumatism  Research,  University  Hospital, 
Leiden,  The  Netherlands  -  Oct.  24,  1967. 

Invited  participant,  Gordon  Research  Conference  on  Microbial 
Deterioration,  Tilton,  New  Hampshire,  July  1967. 

Elected  President,  Foundation  for  Advanced  Education  in  the 
Sciences,  Sept.  1967. 

Appointments:   Project  Officer,  Univ.  Chicago;  Contract  PH 
43-68-83  (Streptococcal  M  vaccine) 

Dr.  Herbert  F.  Hasenc lever: 

Invited  Seminar  at  Temple  University,  Philadelphia,  Pa.  2/15/68 

Elected  Vice  President,  Medical  Mycology  Section,  American  So- 
ciety for  Microbiology. 

Member,  Aerobiology  Panel,  U.S.  National  Conmittee,  Interna- 
tional Biological  Program. 

Dr.  K.  J.  Kwon-Chung: 

Presented  paper  entitled  "Segregation  of  two  mating  type  com- 
ponents in  heterothallic  dermatophytes"  at  the  International  So- 
ciety of  Human  and  Animal  Mycology  in  New  Orleans,  July  31,  1937. 


10 


Honors,  Awards,  Lectures,  and  Appointments  of  LM  Staff  -  continued: 

Dr.  Benjamin  Prescott: 

Invited  by  Dr.  M.  F.  Li,  Fisheries  Research  Board  of  Canada 
to  visit  the  Halifax,  Nova  Scotia,  Laboratory  for  discussions 
and  collaboration  on  "Antimicrobials  Present  in  Molluscs." 

Invitations  to  Meetings;  papers  and/or  discussions. 

North  Central  Branch  meeting  of  the  American  Society 
of  Microbiology,  Vermilion,  S.  Dak.   Oct.  20-21,  1967. 

Army  Medical  Research  Institute  (Conference  on  Respira- 
tory Diseases),  Wash.  D.  C.   Nov.  9,  1967. 

7th  Interscience  Conference  on  Antimicrobial  Agents  and 
Chemotherapy,  Chicago,  111.   Oct.  25-27,  1967. 

2nd  Natural  Products  Symposium,  University  of  the  West 
Indies,  Kingston,  Jamaica,  Jan.  2-6,  1968. 

Annual  Meeting  of  the  Canadian  Society  of  Chemotherapy, 
Montreal,  Canada,  Jan.  29-30,  1968. 

5th  International  Symposium  on  the  Chemistry  of  Natural 
Products,  London,  England,  July  8-13,  1968. 

2nd  International  Symposium  of  Pharmaceutical  Chemistry, 
Munster/Westf . ,  Germany,  July  22-26,  1968. 

Third  European  Malacological  Congress  and  Symposium, 
Vienna,  Austria,  Sept.  1-7,  1968. 

Third  International  Fermentation  Symposium  at  the 
Institute  of  Microbiology,  Rutgers  Univ.,  New  Brunswick,  N.J. , 
Sept.  2-6,  1968. 

Fourth  International  meeting  of  Chimie  Therapeutique 
(Medicinal  Chemistry),  Clermont-Ferrand,  France,  Sept.  4-6,  1968. 

Invited  to  present  two  papers  at  the  International  Sym- 
posium, Mycoplasma  Diseases  of  Man,  Reinhardsbrum  Castle, 
Erfurt,  German  Democratic  Republic,  Oct.  2-6,  1968. 

Federation  of  Hungarian  Medical  Societies  for  150th  Anni- 
versary of  Dr.  Semmelweiss  --  Semmelweiss  Anniversary  Week, 
Nov.  10-16,  1968,  Budapest,  Hungary. 
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Honors,  Awards,  Lectures,  and  Appointments  of  LM  Staff  -  continued: 

Dr.  Roy  Repaske: 

Member,  Editorial  Board  for  the  Journal  of  Bacteriology, 
American  Society  for  Microbiology. 

Seminar  -  Catholic  University,  Washington,  D.  C.   Jan.  19,  1968, 

Laboratory  Events: 

During  the  year,  our  Seminar  Program  was  directed  and  arranged  by 
Dr.  Eskin  Huff.   In  addition  to  presentations,  on  alternating  Monday 
mornings,  of  work  in  progress  by  our  own  personnel.  Laboratory- sponsored 
Seminars  were  presented  by  invited  speakers,  as  follows: 

Nov.  20,  1967:   Dr.  Archibald  Scott,  Dept.  of  Bacteriology  and 
Immunology,  University  of  Glasgow. 

"Capsulation  in  Staphylococcus  aureus" 

Jan.  18,  1967:   Marghareta  J.  W.  Kastelein,  Institute  for  Rheu- 
matism Research,  University  Hospital,  Leiden,  The  Netherlands. 

"A  Chemically  Defined  Medium  and  L-Phase  Growth  of 
Group  A  Streptococci." 

Jan.  29,  1968:   Dr.  Robert  A.  Altenbern,  Biological  Sciences 
Laboratory,  Fort  Detrick,  Frederick,  Maryland. 

"Genomic  Mapping  in  Staphylococcus  aureus" 

Feb.  19,  1968:   Dr.  Arthur  K.  Saz,  Dept.  of  Microbiology,  George- 
town University  School  of  Medicine,  Washington,  D.  C. 

"A  Possible  Cellular  Role  for  Beta-lactamase  (penicillinase) 
in  Bacillus  cereus." 

Mar.  7,  1968:   Dr.  Gerald  D.  Shockman,  Dept.  of  Microbiology, 
Temple  University  School  of  Medicine,  Philadelphia,  Pa. 

"Autolytic  Enzyme  System  of  Streptococcus  fecalis." 

April  15,  1968:   Dr.  Helmut  Hahn,  Dept.  of  Microbiology,  Johns 
Hopkins  University,  School  of  Medicine. 

"Current  Concepts  of  the  Pathogenesis  of  Fever" 
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Laboratory  Events,  continued: 

April  29,  1968:   Dr.  Lutz  Kiesow,  Division  of  Molecular  Energetics, 
National  Naval  Medical  Research  Institute,  Bethesda,  Md. 

"The  Role  of  Energy-Linked  Reactions  in  Chemoautotrophs." 

May  20,  1968:   Dr.  Charles  Panos,  Dept.  of  Biochemistry,  Albert 
Einstein  Medical  Center,  Philadelphia,  Pa. 

"Lipid  Alterations  and  other  Differences  among  Membranes 
of  Bacteria,  their  Protoplasts,  and  L-Forms" 

June  17,  1968:   Dr.  Leonard  Mortenson,  Dept.  of  Biological  Sciences, 
Purdue  University,  Lafayette,  Indiana. 

"Nitrogen  Fixation  by  Pure  Components  of  the  N-j-Fixing 
System." 


Other  Visitors  to  the  Laboratory  during  the  year  included: 

Dr.  Nikolai  A.  Chaika 
Dept.  of  Microbiology 
State  Inst,  for  Postgraduate 

Medical  Training 
Leningrad,  USSR 

Dr.  Michael  Davies 
Dept.  of  Medical  Ecology 
Hebrew  University,  Hadassah 

Medical  School 
Jerusalem,  Israel 

Dr.  Roland  Davies 

Wright-Fleming  Institute  of  Microbiology 
St.  Mary's  Hospital  Medical  School 
London,  W-2,  England 

Dr.  Yoshimura  Fukazawa 
Dept.  of  Bacteriology 
Junterdo  University 
Tokyo,  Japan 

Dr.  Isaac  Ginsburg,  Head 

Laboratory  for  Immunology  and  Microbiology 
Hebrew  University,  Faculty  of  Dental  Medicine 
Jerusalem,  Israel 
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other  Visitors   to   the  Laboratory  during   the  year  included; 
(continued) 


Dr.  M.  F.  King 

National  Defense  Medical  School 

Taipei,  Taiwan 

Dr.  Mogus  Magnussen 
State  Serum  Institute 
Copenhagen,  Denmark 

Dr.  Sri  Oemijati 

Dept.  of  Parasitology  and  General  Pathology 
University  of  Indonesia  Medical  School 
Djakarta,  Indonesia 

Dr.  D.  K.  Sandhu 
V.  P.  Chest  Institute 
University  of  Delhi 
Delhi  7,  India 

Dr.  P.  Signer et 

Ecole  Nationale  Superieure  Agronomique 

de  Montpellier 
Laboratoire  de  Botanique 
Montpellier,  France 

Dr.  Richard  V.  Walker 
Dept.  of  Zoology 
Ohio  University 
Athens,  Ohio 

Prof.  Kenji  Yamashito 
Vice  President 
National  Kyoto  Hospital 
Kyoto,  Japan 

Prof.  P.  N.  Kaskin 

Dept.  of  Microbiology 

State  Institute  for  Postgraduate  Medical  Training 

Leningrad,  USSR 

Dr.  J.  W.  Howie 

Public  Health  Laboratory  Service 

Colindale,  London,  England. 


14 


Publications  -  Laboratory  of  Microbiology 

Brandsberg,  J.  W. ,  and  Piggott,  Willard.   A  simple  device  for 
collecting  soil  cores  for  microbiological  studies. 
Mycologia    (in  press) 

Brandsberg,  J.  W.   A  study  of  some  fungi  found  in  association 
with  Histoplasma  capsulatum  in  a  naturally  infested  area. 
I.   Clarksburg,  Md.   Sabouraudia   (in  press) 

Huff,  Eskin  and  Silverman,  Carol  S.   Lysis  of  Staphylococcus  aureus 
cell  walls  by  a  soluble  staphylococcal  enzyme.   J.  Bact.  95 : 94- 
106,  Jan.  1968. 

Leonard,  Carmen  G. ,  Colon,  Alba  E.,  and  Cole,  Roger  M. :   Trans- 
duction in  Group  A  streptococcus.   Biochem.  and  Biophys.  Res. 
Comm.  20:130-135,  Jan,  25,  1968. 

Kwon-Chung,  K.  J.   Gymnoascus  demonbreunii  Ajello  and  Cheng: 
Evidence  that  it  is  not  the  perfect  state  of  Histoplasma  cap- 
sulatum Darling  1968.   Sabouraudia    (in  press) 

Kwon-Chung,  K.  J.  Studies  on  the  sexuality  of  Nannizzia.  I. 
Heterothallism  vs  Fertile  Isolates.  Sabouraudia  6^:5-13,  Oct. 
1967. 

Kwon-Chung,  K.  J.   Segregation  of  two  mating  type  components 
in  colonies  of  fertile  isolates  of  heterothallic  dermatophytes. 
Sabouraudia  6^:37-41,  Oct.  1967. 

Lones,  G.  W.   Studies  of  intermediary  metabolism  in  Coccidioides 
immitis.   In  Ajello,  Libero  (Ed.):  Coccidioidomycosis.  (Second 
Conference  on  Coccidioidomycosis,  Dec.  1965.   The  University  of 
Arizona  Press,  pp.  349-353. 

Li,  C.P.,  O.C.  Liu,  B.  Prescott  and  E .  C.  Martino:   Antineoplastic 
activity  of  clam  liver  extract.   Nature    (in  press) 

Li,  C.P.,  Prescott,  B.,  Eddy,  B.,  Chu,  E.,  and  Martino,  E.  C: 
Suppression  by  clam  extract  of  oncogenesis  induced  in  hamsters 
by  Adenovirus  12.   J.  Natl.  Cancer  Inst.   (in  press) 

Prescott,  B.  Some  new  salts  of  lucanthone  as  potential  anti- 
cancer agents.   J.  Med.  Chem,  jj.:  156-158,  1968. 

Prescott,  B.,  Lones,  G.,  andCaldes,  G.  Bis-hydrazones  of  1,4- 
diaminopiperazine  as  potential  antimicrobial  agents.  Internat. 
J.  Clin.  Pharm.,  Therapy  and  Toxicol.   (in  press) 
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Publications  -  Laboratory  of  Microbiology  (continued) : 

Prescott,  B.,  Caldes,  G.,  Piggott,  W.  R.  and  Hill,  W.  B.:  Some  new 
thiosemicarbazones  as  potential  chemotherapeutic  agents.  Indazole- 
thiosemicarbazones.  Proc.  5th  Internat.  Congress  for  Chemotherapy, 
pp  23-337,  1967,  Vienna,  Austria. 

Prescott,  B.,  Caldes,  G.,  Piggott,  W.  R.,  and  Hill,  W.  B.:   Hydra- 
zones  of  aminohexamethyleneimine  as  potential  antimicrobial  agents. 
Chimica  Therapeutica  (Chimie  Therapeutique)  2:228-230,  1967. 

Chanock,  R.B.,  Smit^,  C.B.,  Friedenwald,  W.T.,  Gutekunst,  R. ,  Fuld,  S., 
Jensen,  K.E.,  Senderfit,  L.  G.,  and  Prescott,  B.   Mycoplasma  pneumoniae 
infection  -  prospects  for  live  and  inactivated  vaccines.   PAHO  Sci.  Publ. 
147,  132-140,  1967. 

Sobeslavsky,  0.,  Prescott,  B.,  and  Chanock,  R.  M. :   Adsorption  of  M.pneu- 
moniae  to  muraminic  acid  receptors  of  various  cells.   Possible  role  in 
virulence.   J.  Bact.    (in  press) 

Repaske,  R.  and  Dans,  C.  L.  A  factor  for  coupling  NAD  to  hydrogenase 
in  Hydrogenomonas  eutropha.  Biochem.  Biophys.  Res.  Comm.  30: 136-141, 
1966. 

Schade,  A.  L.,  N.  H.  Myers  and  R.  W.  Reinhart:  Carbohydrate  metabolism 
and  production  of  diffusible  active  substances  by  staphylococcus  aureus 
grown  in  serum  at  iron  levels  in  excess  of  siderophilin  iron- saturation 
and  below.   J.  Gen.  Microbiol.    (in  press) 

Schade,  A.  L.,  Pallavicini,  C,  and  Wiesmann,  U.  :   Ekkrinosiderophilin  of 
Human  Milk.   Protides  of  the  Biological  Fluids,  Proceedings  of  the  XI 
Colloquium,  Bruges,  1968.   H.  Peeters  (Ed.),  Pergamon  Press,  London, 
1968,  p 

Shacklette,  Martha  and  Hasenclever,  H.  F.   Variation  of  rates  of  natural 
infection  with  Histoplasma  capsulatum  in  bats.   Am.  J.  Trop.  Med.  Hyg. 
(in  press) . 

Shacklette,  Martha  H.  and  Hasencelver,  H.  F.  The  natural  occurrence  of 
Histoplasma  capsulatum  in  a  cave.  3.  Effect  of  flooding.  Am.  J.  Epi- 
demiol,   (in  press). 

Yu,  R.J.,  Bishop,  C.T.,  Cooper,  F.P.,  Blank,  F.  and  Hasenclever,  H.F. 
Glucans  from  Candida  albicans  (serotype  B)  and  from  Candida  parapsilosis. 
Canad.  J.  Chem.  45:2264-2267,  1967. 

Yu,  R.J. ,  Bishop,  C.T.,  Cooper,  F.  P.,  Hasenclever,  H.F.  and  Blank,  F. 
Structural  studies  of  mannans  from  Candida  albicans  (serotypes  A  and  B) , 
Candida  parapsilosis,  Candida  stellatoidea,  and  Candida  tropicalis.  Canad. 
J.  Chem.  45:2205-2211,  1967. 
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Serial  No.  NIAID  61 

1.  Microbiology 

2.  Bacterial  Structure  &  Function 

3.  Bethesda,  Md. 


PHS-NIH 
Individual  Project  Report 
July  1,  1967  through  June  30,  1968 


Project  Title:   The  electron  transport  system  in  an  autotrophic 
hydrogenomonad . 

Previous  Serial  Number:  Same 

Principal  Investigator:  Dr.  Roy  Repaske 

Other  Investigators:  None 

Cooperating  Units:  None 

Man  Years: 

NIAID        Other  NIH 

Lab.  Staff   Personnel   Guest  Workers     TOTAL 
Assigned 


Total 

38/12 

0 

Professional 

12/12 

0 

Other 

16/12 

0 

0         38/12 

0         12/12 

10/12        26/12 

Project  Description: 

Objectives:   To  determine  the  enzymatic  steps  responsible  for  the 
oxidation  of  molecular  hydrogen  by  Hydrogenomonas  eutropha. 

Methods  employed:   xhe  methods  employed  are  those  used  for  the 
fractional  separation  of  enzyme  proteins.   These  include  the  standard 
methods  together  with  modifications  and  various  innovations  whose  suit- 
ability is  empirically  determined.   Typical  techniques  include  selected 
protein  precipitation  (by  ammonium  sulfate  or  alcohol)  ,  gel  adsorption 
and  elution  (on  calcium  phosphate,  zinc  hydroxide  and  aluminca  cY  gels) 
and  chromatography  (on  DEAE ,  etc.  columns). 
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Major  Findings: 

energy 
Hydrogen  oxidation  which  provides/ for  this  organism  is  analogous  to 
glucose  oxidation  which  is  a  source  of  energy  for  other  aerobic  organisms. 
Specific  enzymes  are  required  to  remove  electrons  from  each  of  the  above 
substrates  (hydrogen  or  glucose);  thereafter,  however,  these  electrons 
follow  a  similar  pathway  in  both  organisms  and  ultimately  combine  with 
oxygen  to  form  water.   These  steps, vital  to  the  life  of  aerobic  micro- 
organisms and  higher  animals,  are  being  studied  to  determine  their  se- 
quence, characteristics  and  properties  in  order  to  approach  rationally 
the  system  which  traps  the  energy  as  ATP  during  electron  transport. 
Partial  purification  of  these  enzymes  has  been  achieved.  We  are  now 
attempting  to  obtain  a  higher  degree  of  purification  to  remove  other 
enzymes  which  contaminate  these  preparaions  and  cause  undesirable  and 
ambiguous  side  reactions. 

Emphasis  this  year  was  placed  on  the  purification  of  the  enzyme 
hydrogenase  and  several  subsequent  enzymes  which  transfer  electrons 
derived  from  molecular  hydrogen  to  nicotinamide  adenine  dinucleotide 
(NAD). 

Two  separate  but  related  aspects  of  the  project  received  major 
attention:   (1)  growth  of  large  quantities  of  organisms  as  a  source 
of  cells  for  isolating  enzymes  and  cof actors,  (2)  purification  of  the 
enzyme  hydrogenase. 

After  considerable  delay  in  the  installation  and  achievement  of 
operating  conditions   of  a  new  28  liter  fermentor,  we  devised  a  series 
of  experiments  to  determine  optimum  growth  conditions  for  H.  eutropha. 
One  finding  which  may  also  be  applicable  to  the  cultivation  of  other 
organisms  relates  to  the  lag  phase  of  newly  inoculated  cultures.   We 
find  that  normal  lag  phases  lasting  from  two  to  8  hours  can  be  virtually 
eliminated  if  the  initial  gas  mixture  is  relatively  high  in  carbon  diox- 
ide and  low  in  oxygen.   As  a  consequence,  growing  times  have  been  shor- 
tened and  the  reliability  of  early  growth  removes  uncertainties  and  the 
need  for  close  attention  by  an  attendant. 

Cell  yields  from  the  25  liter  fermentor  have  been  as  high  as  750 
grams  of  cell  paste  (Total),  or  30  grams  of  cells  per  liter.   Such 
yields  of  an  autotrophic  bacterium  are  particularly  impressive  when 
compared  with  ordinary  yields  of  E.  coli  which  have  been  reported  to 
range  up  to  10  grams  per  ].iter.   These  dense  populations  of  H.  eutropha 
cause  the  depletion  of  one  or  more  inorganic  nutrients  which  limits 
growth.   Magnesium  or  a  contaminating  trace  element  in  the  magnesium 
sulfate  is  the  first  limiting  nutrient.   The  result  is  diminishing 
growth  and  nitrogen  utilization  and  consequent  massive  intracellular 
vacuole  formation.   Supplemental  MgSOA  reverses  these  conditions. 
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Under  proper  growth  conditions,  cells  grown  in  the  fermentor  have 
10  to  20  times  more  hydrogenase  per  cell  than  cells  grown  in  the  pre- 
vious apparatus.   This  has  facilitated  purification  of  the  enzyme.  Very 
pure  hydrogenase  preparations  have  been  obtained  from  cell-free  extracts 
treated  with  heat  followed  by  fractionation  with  anmonium  sulfate, 
Sepharose  4B ,  DEAE  and  calcium  phosphate  gel.   These  preparations  are 
twenty-fold  more  active  per  mg  of  protein  than  the  original  cell-free 
extract  and  200  to  400  fold  more  active  than  the  hydrogenase  contained 
in  cell-free  extracts  from  cells  grown  by  the  previous  method. 

One  or  more  additional  enzyraes  and  cofactors  present  in  the  crude 
extract  are  required  for  the  transfer  of  electrons  from  hydrogenase  to 
NAD.   One  cof actor  present  in  relatively  low  concentration  has  been  high- 
ly purified.   Preliminary  evidence  indicates  it  contains  a  flavin  and  a 
nucleotide  but  is  not  FAD  or  FMN. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

When  molecular  hydrogen  is  oxidized  by  Hydrogenomonas  eutropha  the 
electron  transport  system  removes  two  electrons  per  atom  of  hydrogen 
(forming  hydrogen  ions)  and  transfers  the  electrons  step  by  step  until 
they  are  donated  to  oxygen.   The  negatively  charged  oxygen  then  com- 
bines with  the  hydrogen  ions  to  form  water.   Chemically  this  reaction 
(reacting  hydrogen  and  oxygen  to  form  water)  can  occur  without  inter- 
vening steps;  a  spark  will  catalyze  the  reaction  causing  an  immediate 
release  of  energy  and  an  explosion  results.   In  both  instances  the  same 
amount  of  total  energy  is  released.   An  analogy  can  be  made  between  two 
waterfalls,  one  a  series  of  small  falls  and  the  other  a  sheer  drop  rep- 
resenting the  same  total  height.   Biologically  Hydrogenomonas  carries 
out  the  oxidation  of  hydrogen  in  controlled  steps,  steps  controlled  by 
individual  enzymatic  reactions,  each  of  which  releases  a  fraction  of  the 
total  energy  in  small  increments.   Some  of  the  energy  is  lost  to  the  cell 
as  heat;  however,  some  energy  is  simultaneously  trapped  as  chemical  ener- 
gy by  the  synthesis  of  ATP  which  then  is  available  for  synthesis  of  cel- 
lular material.   The  difference  between  Hy dr og enomonas  and  any  other 
aerobic  organism  is  the  choice  of  oxidizable  compound.  Once  electrons  are 
removed  from  molecular  hydrogen  they  follow  the  same  type  of  electron 
transport  system  in  all  aerobic  organisms.   Similarly  the  ATP  forming  sys- 
tem coupled  to  electron  transport  (oxidative  phosphorylation)  is  probably 
common  to  all  aerobic  organisms. 

A  basic  understanding  of  the  process  of  aerobic  metabolism  need  not 
be  restricted  to  the  study  of  one  particular  class  of  organisms.  Instead 
one  is  free  to  select  any  aerobic  organism  which  seems  to  be  more  amenable 
to  biochemical  investigation.   Hydrogenomonas  eutropha  does  have  promise 
of  being  more  suitable  for  study  than  many  other  organisms.   Whereas  the 
electron  transport  system  in  animals,  in  plants  and  in  other  microorga- 
nisms is  particulate,  the  major  portion  of  the  same  system  of  H.  eutropha 
is  soluble.   It  is  considerably  easier  to  isolate  individual  proteins 
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from  a  mixed  solution  than  to  solubilize  proteins  from  a  particulate 
matrix  without  destroying  or  altering  their  chemical  integrity. 

The  findings  of  these  investigations  are  applicable  to  non-infec- 
tious and  infectious  organisms.   In  the  broadest  sense  they  will  provide 
basic  information  about  how  any  aerobic  organism,  bacteria  or  man  uti- 
lizes oxygen,  a  commodity  necessary  for  cell  maintenance  and  growth.   If 
there  should  be  something  unique  about  the  electron  transport  system  of 
microorganisms,  we  could  have  a  means  for  selective  control  of  aerobic 
microorganisms  during  infection.   This  approach  is  simply  an  extension 
of  the  example  of  folic  acid  and  the  sulfa  drugs.   Both  man  and  micro- 
organisms require  folic  acid  but  since  man  requires  preformed  folic  acid 
and  microorganisms  synthesize  folic  acid,  we  direct  the  antibacterial 
action  of  sulfa  drugs  on  the  synthesizing  system  and  selectively  control 
the  bacteria. 

Proposed  course: 

There  are  three  objectives  for  the  next  year: 

(1)  Purify  the  enzyme  which  couples  the  passage  of  elec- 
trons from  hydrogenase  to  NAD . 

(2)  Purify  a  second  enzyme  which  requires  ATP  to  couple 
hydrogenase  to  NAD. 

(3)  Isolate  and  purify  H.  eutropha  cytochrome  c  in  sufficient 
quantity  to  supply  needs  for  assying  cytochrome  c  reduc- 
tion by  reduced  NAD. 

The  procedure  for  purifying  hydrogenase  which  was  developed  this 
year  provides  hydrogenase  which  operationally  seems  sufficiently  pure  to 
permit  its  use  as  a  standard  reagent  for  determining  the  next  step  in 
the  sequence.   Earlier  work  has  shown  there  are  at  least  two  different 
routes  by  which  electrons  are  passed  from  hydrogenase  to  NAD.   Each  re- 
quires a  different  enzyme  and  one  requires  ATP  in  addition.   These  en- 
zymes will  be  purified.   The  steps  will  be  explored  and  evluated  for 
their  role  in  normal  electron  transport  of  H.  eutropha  and  their  poten- 
tial function  as  regulatory  controls  in  electron  transport  will  be 
assessed. 

Purification  of  native  cytochrome  c  in  quantity  will  be  done  in  an- 
ticipation of  the  need  for  this  substance  in  studying  the  next  electron 
transport  step,  namely  the  enzymatic  reduction  of  cytochrome  c  by  reduced 
NAD. 
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Honors  and  Awards: 

Member,  Editorial  Board  for  the  Journal  of  Bacteriology, 
American  Society  for  Microbiology. 

Seminar  -  Catholic  University,  Washington,  D.  C,  Jan.  19,  1968. 

Publications: 

Repaske,  R.  and  Dans,  C.  L.:   A  factor  for  coupling  NAD  to 
Hydrogenase  in  Hydrogenomonas  eutropha.  Biochem.  Biophys. 
Res.  Coram.  30:136-141,  1968. 
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Project  description: 

Objectives: 

To  study  the  enzymatic  activities  associated  with  the 
formation  and  breakdown  of  S^.  aureus  cell  walls.   Specifically  a  study 
of  the  action  of  an  autolytic  enzyme  from  ^.  aureus  on  the  cell  walls  of 
this  organism  has  been  carried  out.   A  broad  objective  of  this  work  is 
the  understanding  of  mechanisms  by  which  the  cell  growth  is  controlled 
and  how  some  antibiotics  affect  this  growth. 

Methods  employed: 

Evenly  labeled  Staphylococcus  aureus  cells  were  grown  ex- 
ponentially for  5  generations  in  the  presence  of  P-^'^O,  .   Post-labeled  ^. 
aureus  cells  were  grown  in  the  presence  of  P  0 a  during  exponential  growth, 
centrifuged  and  resuspended  in  P  0,  labeled  media  and  exponential  growth 
continued  for  22%  of  the  last  doubling  of  the  cell  mass.   Pre- labeled  cells 
were  grown  in  the  presence  of  P^^O^  for  5  generations,  centrifuged  and  re- 
suspended  in  P^-*-©/  media  and  growth  continued  for  22%  of  the  final  doubling 
period.   All  types  of  cells  were  disrupted  in  a  Braun  disintegrator,  and 
the  cell  walls  purified  in  a  sucrose  gradient.   Formaldehyde  treated  cell 
walls  were  prepared  by  incubation  in  47o  formaldehyde  at  25°C  for  3  days. 
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Purification  of  the  lytic  enzyme  in  the  growth  medium  was  accomplished 
by  precipitation  with  ammonium  sulfate,  removal  of  inactive  particulate  ma- 
terial by  centrifugation  for  15  hours  at  35,000  RPM;  dialysis  against  0.01 
M  KPO,  pH  6.5,  centrifugation  of  active  material  3  hours  at  35,000  RPM, 
solubilization  of  enzymatic  activity  with  0.7  M  NaCl  in  0.05  M  KPO^  pH  7.0 
and  precipitation  with  ammonium  sulfate.   Phosphorus  -32  release  from  cell 
walls  was  measured  by  filtering  the  entire  reaction  mixture  through  a  0.45 
micron  millipore  filter. 

Major  Findings: 

A  study  of  the  lytic  enzyme(s)  present  in  S .  aureus  8507 
has  been  continued.   We  have  previously  reported  the  presence  of  cell  wall 
lytic  activity  in  a)  the  cell  wall,  b)  freeze  thaw  extracts  of  whole  cells, 
and  c)  the  growth  media.   The  specific  activity  of  the  freeze-thaw  extracted 
enzyme  (AFZ)  is  300  to  500  units  per  milligram  of  protein.   Further  purifica- 
tion has  been  unsuccessful.   Since  the  unit  of  activity  is  the  release  of 
only  1  nanamole  of  phosphate-32  per  hour  per  ml  of  reaction  mixture,  it  has 
not  yet  been  possible  to  measure  any  chemical  change  associated  with  lysis. 
Studies  have  been  made  of  the  molecular  weight  of  the  AFZ  enzyme  and  the 
media  enzyme  using  sucrose  gradients  according  to  the  procedure  of  Martin 
and  Ames.   It  was  observed  that  at  low  ionic  strength  (0.01  M  KPO, ,  pH  6.5) 
enzyme  activity  is  found  in  large  molecular  weight  aggregates  (molecular  weight 
greater  than  1,000,000).   In  the  presence  of  sodium  chloride  (0.1  to  1.5M) 
disaggregation  occurs  and  enzyme  activity  sediments  in  sucrose  (containing 
the  corresponding  concentration  of  NaCl)  with  a  molecular  weight  of  about 
30,000. 

Utilizing  these  properties  of  the  enzyme,  it  has  been  possible  to 
purify  the  media  enzyme  60-fold  with  a  greater  than  1000-fold  concentration 
of  activity.   The  enzyme  is  still  impure  since  polyacrylamide  gel  electro- 
phoresis shows  the  presence  of  one  major,  3  minor  and  3  trace  proteins.   The 
final  specific  activity  of  this  preparation  is  60,000  units  per  milligram  of 
protein.   This  is  100-fold  greater  than  the  specific  activity  of  the  AFZ  en- 
zyme.  Conclusive  tests  as  to  whether  the  media  enzyme  is  an  amidase  or  a 
glycosidase  should  now  be  possible  using  the  purified  enzyme. 

Some  comparisons  have  been  made  between  the  AFZ  enzyme  and  other  simi- 
lar enzymes.   Purified  cell  walls  of  Micrococcus  lysodeikticus  have  been 
prepared.   These  cell  walls  are  lysed  by  the  AFZ  enzyme.   Lysostaphin  does 
not  act  on  these  cell  walls.   Therefore  the  AFZ  enzyme  would  appear  to  act 
on  different  chemical  bonds  than  those  acted  on  by  lysostaphin.   The  auto- 
lytic  enzyme  of  Streptococcus  faecalis  9  790  has  been  shown  by  Shockman  to 
be  activated  by  treatment  of  the  cell  walls  with  trypsin  or  other  proteolytic 
enzymes.   Native  cell  walls  of  ^.  aureus  8507  are  not  activated  by  trypsin. 

The  AFZ  enzyme  was  compared  to  a  lytic  enzjmie  produced  by  a  strain  of 
S.  aureus  (Strain  LS)  provided  by  Dr.  Archibald  Scott.   The  media  enzyme 
of  this  strain  (LS  enzyme)  was  lytic  toward  p32_iabeled  cell  walls  of  ^.  au- 
reus 8507.   The  pH  optimum  for  LS  enzyme  was  8.0  whereas  the  pH  optimum  of 
the  AFZ  enzyme  was  6.0.   Also  the  LS  enzjnne  lysed  whole  cells  of  S .  aureus 
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both  8507  and  Morris  strains) .   Neither  of  these  cells  were  lysed  by  the 
AFZ  enzyme.   It  would  appear  that  the  AFZ  enzyme  is  different  than  the  LS 
enzyme . 

A  study  has  been  carried  out  to  see  whether  the  AFZ  enzyme  acts  on  any 
localized  portion  of  the  cell  wall.   S^.  aureus  8507  was  grown  in  P  0^  media 
followed  by  growth  for  a  small  fraction  of  a  doubling  time  in  P  0/  media. 
Cell  walls  were  then  prepared  from  these  organisms.   Such  post-labeled  cell 
walls  should  be  locally  labeled  in  the  region  of  most  recently  synthesized 
cell  wall.   If  the  lytic  enzyme  acts  on  recently  synthesized  cell  wall 
preferentially,  then  there  would  be  a  preferential  release  of  P-^^  from  post- 
labeled  cell  walls.   Such  a  specific  rapid  release  of  the  label  from  post- 
labeled  cell  walls  and  a  lower  release  of  label  from  pre-  or  evenly-  labeled 
cell  walls  was  observed  when  AFZ  enzyme  acted  on  formaldehyde  treated  cell 
walls  and  when  native  walls  were  allowed  to  autolyze.   A  similar  specific 
release  was  observed  when  Chalaropsis  B  enzyme  acted  on  post-labeled  cell 
walls.   Lysostaphin  acted  on  pre-,  post-  and  evenly-  labeled  cell  walls  re- 
leasing label  at  the  same  rate.   These  results  support  the  idea  that  the 
lytic  enzyme  of  ^.  aureus  acts  in  a  specific  manner  at  the  site  of  recent 
cell  wall  synthesis.   It  would  appear  that  the  AFZ  enzyme  was  not  a  glycine- 
bridge  splitting  enzyme  such  as  lysostaphin  but  perhaps  a  glycosidase  like 
Chalaropsis  B  enzyme.   An  amidase  type  of  lytic  enzyme  was  not  available 
for  testing  with  these  pre-  and  post-  labeled  cell  walls. 

Significance  to  bio-medical  research  and  the  program  of  the  Institute: 

Studies  of  the  lytic  enzyme  of  S^.  aureus  and  its  mode  of  action  on  the 
cell  wall  of  the  parent  organism  have  indicated  this  enzyme  acts  selectively 
in  the  region  of  recent  cell  wall  synthesis.   This  action  may  occur  in  a 
concerted  manner  so  that  cells  can  divide  in  two,  rather  than  continue  to 
expand.   The  study  of  this  phenomenon  which  is  so  intimately  related  to  the 
growth  of  a  staphylococcal  bacterium  could  yield  new  approaches  in  the  treat- 
ment of  human  staphylococcal  infection. 

Proposed  course: 

The  purified  media  enzyme  will  be  tested  for  lysis  of  M.  lysodeikticus 
and  for  the  release  of  amino  groups  and  reducing  sugars  during  lysis  of  _S. 
aureus  cell  walls.   Pre- ,  post-  and  evenly-  labeled  S^.  aureus  cells  will  be 
prepared  using  C-'-^-lysine  as  a  labeling  agent.   Cell  walls  from  these  cells 
will  be  tested  with  AFZ  enzyme,  8507  media  enzyme,  lysostaphin  and  Chalaropsis 
enzyme  to  see  if  the  same  specific  release  of  recently  synthesized  material 
occurs  as  with  the  P   labeled  cell  walls. 

A  continued  comparison  of  the  purified  media  enzyme  and  the  AFZ  enzyme 
is  planned. 

Also  planned  is  a  study  of  the  effect  of  the  action  of  AFZ  and  media 
enzyme  of  the  size  distribution  of  cell  walls  during  the  course  of  lysis. 
Such  a  study  would  attempt  to  determine  whether  the  localized  action  of  the 
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Lytic  enzyme  actually  causes  a  splitting  of  cell  wall  into  two  halves  as 
occurs  during  cell  division  or  whether  fragments  are  released  of  random 
size. 

Honors  and  awards: 

None 

Publications: 

Huff,  Eskin  and  Silverman,  Carol  S.  Lysis  of  Staphylococcus  aureus 
cell  walls  by  a  soluble  staphylococcal  enzyme.  J.  Bact.  95 : 94-106, 
Jan.  1968. 
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Project  Description 

Objectives : 

To  investigate  the  growth  and  metabolism  of  selected  members  of 
the  Staphylococci  and  other  human  pathogens  as  affected  by  the  restriction 
of  nutritional  iron  mediated  through  the  naturally  occurring  iron-chelators, 
serum  siderophilin,  ekkrinosiderophilin,  and  conalbumin  and  to  investigate 
both  qualitatively  and  quantitatively  the  production  by  these  pathogens 
of  diffusible  toxic  products  in  response  to  levels  of  these  iron-chelators 
and  their  extent  of  iron- saturation  as  they  occur  in  the  serum  or  bodily 
secretions. 

Methods  Employed: 

Bacterial  and  cultural  procedures  in  specially  de-ironized  media; 
spectrophotometric,  chromatographic,  and  radioisotopic  methods;  metabolic 
and  enzymatic  analytical  procedures;  appropriate  methods  for  the  estimation 
of  coagulase,  hyaluronidase,  hemolysins,  and  staphylokinase;  and  methods 
particularly  suited  to  estimation  of  iron  chelated  to  plasma  siderophilin, 
ekkrinosiderophilin,  and  conalbumin  and  to  their  degree  of  iron  saturation 
in  serum,  bodily  secretions,  and  laboratory-prepared  media. 
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Major  Findings: 

Following  our  observation  that  the  growth  rate  of  Staphylococcus 
aureus  when  cultured  in  normal,  unheated  human  serum  under  5%  C02-air  is 
a  function  of  the  percentage  iron-saturation  of  its  contained  plasma 
siderophilin,  we  have  undertaken  to  determine  the  carbohydrate  metabolic 
capabilities  of  these  cells  grown  in  serum  at  a  normal  iron  saturation 
level  (237o)  and  at  an  iron  excess  saturation  level  (1057o).   We  have  found 
that  cocci  grown  at  the  normal  serum  iron  level  show  a  significant  reduction 
in  their  endogenous  respiration,  in  their  ability  to  attack  lactate,  a 
complete  loss  of  ability  to  oxidize  formate,  and  a  several-fold  increase 
in  anaerobic  glycolytic  capacity  compared  to  those  cocci  grown  in  serum 
containing  unchelated  free  ionic  iron.   These  metabolic  changes,  in  con- 
junction with  an  observed  increased  rate  of  acid  production  and  rate  of 
glucose  utilization  by  the  growing  culture  of  "low  iron"  cells  versus  the 
"high  iron"  cells,  indicate  an  increased  dependence  upon  glycolytic  rather 
than  oxidative  energy  production  processes  by  the  iron-restricted  cells. 

We  have,  additionally,  investigated  the  production  by  our  strain  of 
S^.  aureus  of  coagulase,  hyaluronidase,  hemolysins,  and  staphylokinase  when 
grown  in  sera,  both  heated  (56°C  for  30  minutes)  and  unheated.   The  serum 
iron  levels  chosen  were  those  obtaining  in  iron-deficiency  states,  in 
normal  conditions,  and  in  conditions  of  hemochromatosis  and  transfusion 
hemosiderosis,  i.e.,  5  -  15%,  20  -  507,,,  and  80  -  1007o  plasma  siderophilin 
iron-saturations,  respectively.   Although  our  S .  aureus ,  when  cultured  in 
trypticase  or  brain  heart  infusion  media,  was  characterized  by  conventional 
methods  as  a  producer  of  all  four  diffusible  substances,  the  cocci  grown 
in  the  several  sera  exhibited  the  following  restricted  capabilities: 

1-  Below  the  507.  iron  saturation  level,  no  coagulase  was  detected 

in  the  serum  medium.   Coagulase  activity  of  supernatants  from  cultures 
of  comparably- sized  populations,  however,  increased  with  increasing 
iron-saturation  of  the  serum  media  above  the  507o  iron-saturation  level. 

2-  No  hyaluronidase  was  produced  in  serum  at  any  percentage  iron- 
saturation,  even  at  a  1107o  level.   Supernatants  of  cultures  of 
similar  cell  populations  produced  in  brain  heart  infusion  broth  or 

in  trypticase  with  1.57o  (v/v)  egg  white  supplement  at  5,  50,  and  1107o 
iron  saturation  of  its  conalbumin  component,  however,  possessed  hy- 
aluronidase activity  in  rough  proportion  to  cell  population  and  indif- 
ferently to  the  availability  of  iron  in  the  medium.   Hence,  it  appears 
that  some  component  of  serum  interferes  with  the  production  of  hyalu- 
ronidase by  S.  aureus. 

3-  No  hemolytic  activity  was  found  in  the  supernatants  of  serum 
cultures  at  any  iron- saturation  level.   The  mere  presence  of  anti- 
hemolysin  in  the  serum  is  not  responsible  for  the  failure  of  S . aureus 
to  produce  hemolysin  since  trypticase  plus  egg  white  medium  to  which 
anti-hemolysin  was  added  had  considerable  hemolytic  activity  following 
growth  of  the  cocci  at  all  levels  of  iron-saturation. 
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k-     On  nutrient  agar,  our  S.  aureus  strain  produced,  staphylokinase . 
However,  no  serum  or  nutrient  broth  supernatants  exhibited  staphy- 
lokinase activity  as  determined  by  several  methods. 

We  have  also  investigated  the  potency  of  a  variety  of  antibiotics 
against  growth  of  our  S.  aureus  in  serum  at  different  iron-saturation  le-vels. 
We  found  that  the  amount  of  methicillin  required  to  inhibit  growth  increased 
with  increasing  percentage  of  iron  saturation  while  the  effecti-veness  of 
a  given  inhibitory  concentration  of  kanamycin  and  Chloromycetin  was  indif- 
ferent to  any  variation  in  the  iron-saturation  value . 

Pursuing  our  Interest  in  the  iron-binding  properties  of  human  milk 
and  its  possible  microbiological  significance,  we  have  completed  a  survey 
of  32  "transitionaJ."  milks  (5-10  days  post  parturition)  and  9  "mature" 
milks  (T  -  56  weeks  post  parturition)  as  to  their  bound  iron  (BI)  content, 
the  total  iron-binding  capacity  (TIBC),  and  the  percentages  of  iron  satura- 
tion. Also,  we  have  determined  the  ratio  of  iron  binding  capacity  and  the 
total  protein  content  of  the  milks  as  determined  by  their vV280   .,      m, 
following  table  summarizes  the  results:  °-l  cm  ^^^^^*  -^"^ 


\^^o 

Hg/o 

Saturation 

dA280/lcm 

Majc. 

56 

757 

12 

25 

'Transitional"  Milk 

Min. 

9 

284 

2 

13 

{2k   samples) 

Mean 

2k 

1+91 

5 

19 

Max. 

37 

196 

31 

12 

'Mature"  Milk 

Min. 

10 

53 

11 

5 

(9  samples) 

Mean 

25 

135 

20 

10 

At  least  three  striking  facts  are  evident.  Milk  provided  the  new-born 
infant  is  remarkably  high  in  protein  with  a  specific  affinity  for  iron 
(2-3  times  the  binding  capacity  of  plasma),  of  which  only  roughly  5  percent 
is  saturated  with  iron;  "mature"  milk  offered  the  established  infant  has 
approximately  25^  the  concentration  of  this  protein,  ekkrinosiderophilin, 
fo\md  in  the  "transitional"  milk  and  averages  20^  iron-sat\aration;  the 
amount  of  ekkrinosiderophilin  per  unit  of  protein  in  the  "mature"  milk  is 
reduced  to  half  that  present  in  the  "transitional"  milk.  The  biological 
significances  of  such  changes  in  the  food  naturally  offered  infants  require 
investigation.  Further, it  is  our  hypothesis  that  these  properties  of  milk 
are  of  microbiological  and  nutritional  importance  for  the  health  and  de- 
velopment of  babies. 

Significance  to  bio-medical  research  and  the  program  of  the  Institute: 

The  study  of  the  naturally  occurring  iron-chelating  proteins  contri- 
butes to  our  understanding  of  the  non-specific  ijmnunity  mechanism  available 
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to  humaxis  for  protection  against  microbial  infection.   Plasma  siderophilin 
and  ekkrinosiderophilin  as  the  two  iron-chelating  proteins  found  in  hvunan 
blood  and  bodily  secretions  respectively  function  as  bacteriostatic  agents 
in  and  on  the  host  to  repress  development  of  pathogens  inimical  to  health. 
Additionally^  with  avian  conalbumin,  they  provide  biologically  effective 
tools  to  investigate  the  metabolism  of  pathogens  cultured  in  environments 
approximating  the  natural  state  with  particTolar  reference  to  their  meta- 
bolic iron  requirements  and  their  ixltimate  pathogenicity. 

Proposed  course  of  project: 

We  plan  to  study  more  definitively  the  bacteriostatic  properties  of 
ekkrinosiderophilin  of  human  milk  and  other  bodily  secretions  on  the  growth 
euid  metabolism  of  the  Staphylococci  and  to  extend  our  investigations  to 
include  other  human  pathogens  of  public  health  importance.  We  wish  par- 
ticularly to  study  the  possible  relation  of  the  high  concentration  of 
ekkrinosiderophilin  in  "transitional"  milks  to  early  microbial  defense 
mechanisms  available  to  the  infant  and  to  the  establishment  e.g.  of  the 
nursling's  predominant  intestinal  flora  of  Actinomyces  bifidus  to  which 
has  been  assigned  responsibility  for  the  improved  growth  and  resistance  of 
nursing  infants. 

Honors  and  awards: 

None 

Publications: 


Schade,  A.  L.,  Myers,  N.  H.,  and  Reinhart,  R.  W.:  Carbohydrate  metabo- 
lism and  production  of  diffusible  active  substances  by  Staphylococcus 
aureus  grown  in  serum  at  iron  levels  in  excess  of  siderophilin  iron- 
saturation  and  below.  J.  General  Microbiol,  in  press. 


28 


Project  Title: 


Serial  No.  NIAID  63-A 

1.  Microbiology 

2.  Bacterial  Structure  &  Function 

3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  1967  through  June  30,  1968 

Occurrence,  Properties  and  Significance  of  Protein 
Iron-Chelators  in  the  Biochemistry  of  the  Acquisi- 
tion of  Iron,  and  Possibly  Other  Metals,  by  Micro- 
bial and  Animal  Cells. 


Principal  Investigator:  Dr.  Arthur  L.  Schade 
Previous  Serial  No.:    Same 


Other  Investigators; 
Cooperating  Units: 


None 


NIAMD 


Dr.  Wm.  R.  Carroll,  LBC 

Dr.  Makio  Murayama,  LPB 

Dr.  J.  Charles  Pallavicini,  PM 

Dr.  Ulrich  N.  Wiesmann,     PM 


Man  Years 

NIAID 

Other  NIH 

Lab.  Staff 

Personnel 
Assigned 

Total 

16/12 

. 

Professional 

8/12 

- 

Other 

8/12 

- 

Guest  Workers 


TOTAL 


16/12 
8/12 
8/12 


Project  Description 

Objectives: 

To  determine  the  occurrence,  properties,  and  significance  of  protein 
iron-chelators  and  to  investigate  the  mechanisms  by  which  microbial  and 
animal  cells  acquire  from  plasma  siderophilin,  ekkrinosiderophilin  and 
conalbumin  the  iron,  and  possibly  other  metals,  for  normal  growth  and 
function  and  the  effect  of  physiological  conditions  upon  this  exchange. 

Methods  Employed: 

Hematological  procedures,  radioactive  tracer  techniques,  manometric 
techniques,  strip  and  disc  electrophoresis,  chromatography,  optical  rota- 
tory dispersion,  infrared  spectroscopy,  sucrose  gradient  sedimentation, 
immunologic  analyses. 
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Major  Findings: 


A-  Ekkrinosiderophilin  of  Human  Milk.   To  provide  a  supply  of  undenatured, 
iron-low  milk  ekkrinosiderophilin  for  investigation  of  its  microbiological 
significance  as  an  antibiotic  and  factor  in  the  establishment  of  the  bac- 
terial flora  of  the  nursing  infant,  we  have  concentrated  upon  the  require- 
ments for  its  isolation,  purification,  and  its  characterization.   Review 
of  the  literature  shows  disagreements  as  to  the  physico-chemical  character- 
istics of  this  protein.   Our  experience  with  plasma  siderophilin  showed  the 
desirability  of  avoiding  extreme  pH' s  during  its  isolation  and  recommended 
mild  treatment  of  milk  in  the  purification  of  milk  ekkrinosiderophilin. 
Therefore,  we  have  developed  a  method  of  isolation  of  ekkrinosiderophilin 
in  which  the  skim  milk  is  brought  to  a  pH  value  of  not  lower  than  7.0  and 
subsequently  separated  from  all  but  one  contaminant  in  minor  amount  (67o) 
by  chromatography  on  a  DEAE  Sephadex  column  at  pH  7.3  with  increasing  ionic 
strengths  of  eluting  buffer.   By  optical  ultracentrifugal  analysis,  the 
purified  ekkrinosiderophilin  has  a  sedimentation  constant  S  of  5.33  at  0.57o 
concentration  in  0.05-M  phosphate  buffer  at  pH  7.5  and  25°  C.  The  S  value  of 
the  contaminating  protein  under  the  same  conditions  is  2.4.   The  molecular 
weight  of  the  purified  iron  ekkrinosiderophilin  as  determined  by  sedimenta- 
tion and  diffusion  analysis,  assuming  a  partial  specific  volume  of  0.73, 
is  82,500  -  83,000.   Both  sedimentation  constants  and  the  molecular  weight 
values  given  were  determined  by  Dr.  Wm.  Carroll  of  NIAMD.   Sucrose  gradi- 
ent sedimentation  analysis  of  the  purified  iron-protein  gave  a  confirmatory 
value  of  5.28  for  Son  „   However,  when  sucrose  gradient  analysis  of  the 
iron-protein  in  skim  milk  was  performed,  an  S20  w  ^^^^^   °f  8.7  was  obtained. 
This  difference  in  S^q   values  of  the  purif ied'versus  the  naturally  occurr- 
ing iron-binding  component  in  skim  milk  suggests  that,  in  skim  milk,  ekkrino- 
siderophilin is  associated  with  some  other  protein  constituent  and  sediments 
at  a  different  rate.   When  the  purified  protein  was  mixed  with  skim  milk, 
its  sedimentation  constant  was  shifted  to  the  higher  value.   This  result  is 
additional  evidence  for  protein  association  in  the  skim  milk. 

With  the  cooperation  of  Dr.  Charles  Pallavicini  and  Dr.  Ulrich  Wies- 
mann  of  NIAMD,  we  have  made  extensive  polyacrylamide  gel  electrophoreses 
on  the  iron-binding  protein  in  skim  milks  -  colostrum,  transitional, and 
mature  types.   Decaseinated  milk  was  also  studied  along  with  various  puri- 
fied samples  of  ekkrinosiderophilin.   Using  skim  milk,  roughly  307o  of  the 
iron-binding  protein  remains  on  the  origin  of  the  7.57o  acrylamide  running 
gel  at  pH  8.4  while  a  minor  amount  ( 107o)  stays  in  the  sample  gel  and  on 
the  beginning  of  the  stacking  gel.   The  remaining  607o  is  found  in  the 
faster  moving  gamma  globulin  region  as  a  diffuse  smear.   The  purer  the  ek- 
krinosiderophilin the  greater  is  the  amount  found  on  the  origin  of  the 
running  gel  and  less  as  diffuse  faster-moving  gamma  globulin.   Companion 
electrophoreses  carried  out  on  cellulose  acetate  show  continuous  smears 
starting  from  the  origin  and  always  in  the  gamma  globulin  region.   Our 
results  support  the  conclusion  that  ekkrinosiderophilin  is  electrophoretical- 
ly  a  gamma  globulin  and  not,  as  otherwise  reported,  a  beta  globulin. 
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Immunological  studies  with  antisera  prepared  from  skim  milk  and  from 
ekkrinosiderophilin  prepared  by  Prof.  Heremans  of  Louvain,  show  that  from 
95  to  987„  of  all  the  iron-binding  protein  is  precipitated  as  ekkrinosidero- 
philin.  The  remaining  2.57=  is  precipitated  by  antiserum  specific  for  human 
plasma  siderophilin.  A  single  precipitation  line  is  found  by  the  anti-ek- 
krinosiderophilin  -  serum  against  skim  milk  and  the  several  purified  frac- 
tions.  Thus,  immunologically,  there  is  no  evidence  for  other  than  one  ek- 
krinosiderophilin in  milk  although,  as  shown  by  the  acrylamide  gel  electro- 
phoresis and  sucrose  gradient  analysis  of  skim  milk,  this  protein  may  exist 
in  several  physical  states  of  aggregation  or  be  associated  with  other  pro- 
tein or  proteins  while  in  its  natural  milieu. 

When  the  apectral  absorption  curve  is  run  on  milk  to  which  iron  has 
been  added  to  form  the  iron-ekkrinosiderophilin,  the  curve  resembles  that  of 

iron-plasma  siderophilin  with  its  maximum  at   A.465inp,.   The  absorption 
curve  of  our  purified  milk  iron-ekkrinosiderophilin  also  shows  a  similar 
maximum  and  not  at  A.450,frequently  given  in  the  literature.  We  believe  that 
the  A.45O  value  indicates  some  alteration  in  the  iron  chelating  character- 
istics of  the  protein  resulting  from  the  employed  isolation  procedures. 

B-  Galactothermin.   In  addition  to  our  work  on  milk  ekkrinosiderophilin,  we 
have  advanced  our  studies  on  the  new  milk  protein  whose  negative  temperature 
coefficient  of  gelation  is  its  unique  property.   To  this  protein  we  have 
given  the  descriptive  name  of  galactothermin.  With  the  cooperation  of  Dr. 
Walter  Lovenberg  of  NIAMD,  we  have  determined  the  qualitative  amino  acid 
constitution  of  this  protein  as  well  as  the  quantitation  of  the  amino  acid 
residues.   Preliminary  results  have  been  obtained  on  the  optical  rotatory 
dispersion  by  galactothermin  as  well  as  information  on  its  infrared  absorp- 
tion.  In  these  latter  studies.  Dr.  Makio  Murayama  of  NIAMD  has  cooperated. 
Because  of  the  great  stability  of  this  protein  compared  to  hemoglobin.  Dr. 
Murayama  has  utilized  galactothermin  in  his  physico-chemical  studies  as  they 
relate  to  shared  properties  of  hemoglobin  S  and  galactothermin. 

Significance  to  bio-medical  research  and  the  program  of  the  Institute: 

The  presence  of  protein  iron-chelators  in  biological  fluids  which  have 
contact  with  the  exterior  environment  as  well  as  in  those  providing  the 
intimate  milieu  of  host  organs  and  their  constituent  cells  is  a  regulatory 
factor  in  the  iron,  and  possibly  other  metal,  nutrition  and  metabolism  of 
both  host  and  parasite,  and  consequently  in  their  mutual  relationships.   In 
addition  to  determining  where  and  in  what  concentrations  such  chelators  are 
found  in  biological  fluids,  it  is  desirable  to  establish  the  conditions 
governing  the  availability  of  the  metal  and  the  mechanism  of  its  transfer 
to  host  tissues  and  to  the  offending  parasite.   The  results  of  such  inves- 
tigations involving  nutrilites,  such  as  iron,  so  essential  to  the  life  and 
metabolism  of  both  host  and  parasite,  should  inform  our  understanding  of 
infection  and  its  control. 
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Proposed  course: 

We  propose  to  continue  our  investigation  of  the  occurrence,  proper- 
ties, and  significance  of  protein  metal  chelators  and  to  extend  our 
knowledge  of  the  manner  in  which  various  cells  and  tissues  satisfy  their 
metal  requirements  through  the  intervention  of  such  chelators. 

Honors  and  awards: 

None 

Publications 

Schade,  A.  L.,  Pallavicini,  C.  and  Wiesmann,  U.:  Ekkrinosiderophilin 
of  Human  Milk.  Protides  of  the  Biological  Fluids,  Proceedings  of  the 
XVI  Colloquium,  Bruges,  1968.  H.  Peeters  (Ed.),  Pergamon  Press,  Lon- 
don, 1968,  p. 
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Project  description: 

Objectives:   To  study  the  biochemical  mechanisms  by  which  iron, 
glucose  and  the  combination  of  iron  and  glucose  in  the  medium  control 
the  growth  and  metabolic  activities  of  Staphylococcus  aureus;  more 
specifically,  to  investigate  the  regulation  of  catabolic  and  anabolic 
processes  at  the  enzymatic  level  by  these  nutrients  and  to  differen- 
tiate between  essential  and  non-essential  functions  necessary  for  the 
maintenance  of  the  cell. 

Methods  employed:   Routine  bacterial  and  cultural  procedures  and 
specialized  procedures  for  the  preparation  and  use  of  de-ironized  media; 
spectrophotometry,  chromatography  and  routine  metabolic,  enzymatic  and 
radioisotope  procedures. 
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Major  Findings:   It  has  been  shown  that  iron- deficiency  in  aerobically 
grown  S^.  aureus  resulted  in  1.)  poor  growth  2.)  impaired  respiration  in 
which  anaerobic  glycolysis  was  not  affected  3.)  almost  complete  absence  of 
cytochromes  and  catalase  activity  4.)  inability  to  synthesize  or  activate 
iron-proteins  in  the  absence  of  growth  and  5.)  altered  patterns  of  cyanide 
and  carbon  monoxide  inhibition  of  respiration.   These  findings  indicate  an 
overall  deficiency  in  the  ability  of  the  cell  to  synthesize  certain  iron- 
proteins  necessary  for  the  maintenance  of  aerobic  metabolism;  and  imply 
that  poor  growth  in  iron-deficient  medium  is  the  direct  result  of  an  im- 
paired oxidative  system.   To  prove  this,  studies  were  undertaken  to  deter- 
mine what  effects,  if  any,  iron  exerted  on  the  growth  and  metabolism  of 
S^.  aureus  when  grown  under  a  strict  anaerobic  environment.   Under  these 
conditions,  this  microorganism  requires  glucose  as  an  energy  source,  convert- 
ing it  almost  quantitatively  to  lactic  acid  without  the  participation  of  any 
known  oxidative  pathway. 

S^.  aureus  was  grown  in  iron-deficient  trypticase  egg-white  medium  con- 
taining added  glucose,  pyruvate,  uracil  and  vitamins.   Iron-extracted  tris 
buffer  was  also  added  to  the  medium  to  maintain  a  neutral  pH  during  the  en- 
tire growth  cycle.   Conditions  were  made  anaerobic  by  sparging  the  medium 
for  one  hour  at  37  C  with  1007o  pre-purified  nitrogen  and  vigorous  stirring. 
Egg-white  was  added  aseptically  to  the  medium  and  gassing  continued  another 
hour.   Throughout  the  growth  cycle  a  positive  pressure  of  nitrogen  gas  was 
maintained  in  the  culture. 

Iron  deficient  cells  (0.015  jig  Fe/ml  medium,  7.5%  saturation  of  con- 
albumin  and  0.0075  jig  Fe/ml  medium,  3.757o  saturation)  grew  as  well  as  iron- 
rich  cells  (0.22  ^g  Fe/ml  medium,  110%  saturation).   No  differences  in  initi- 
ation of  growth,  rate  of  growth  or  total  growth  were  noted.  After  18  hours, 
they  attained  an  optical  density  of  1.9.   When  the  same  types  of  cells  were 
grown  aerobically  in  similar  media,  definite  differences  were  apparent. 
Iron-rich  cells  grew  at  a  rapid  rate  and  reached  an  optical  density  of  3.5 
while  iron-deficient  cells  grew  poorly  and  attained  after  20  hours  growth 
optical  densities  of  only  0.15,  0.25  and  0.35  (0.015  }ig  Fe/ml  medium,  7.5% 
saturation;  0.021  /ig  Fe/ml  medium,  107o  saturation  and  0.03  ug  Fe/ml  medium, 
15%  saturation,  respectively) , 

Iron-59  uptake  studies  during  the  growth  cycle  showed  that  anaerobic 
iron-rich  cells  contained  0.019  jig  Fe/mg  dry  wt. ,  whereas  iron-deficient 
cells  had  only  0.002  and  0.0014  ^g  Fe/mg  dry  wt  (7.5%  and  3.75%  saturation, 
respectively).   Aerobically  grown  iron-rich  cells  contained  .0172 /ig  Fe/mg 
dry  wt  while  iron  deficient  cells  incorporated  0.0009,  0.0012  and  0.0016 
^g  Fe/mg  dry  wt  (7.5,  10,  and  157o  saturation,  respectively).   The  binding 
capacity  of  conalbumin  for  iron  was  same  for  both  aerobic  and  anaerobic 
conditions. 

Preliminary  biochemical  studies  showed  no  differences  between  iron- 
rich  and  iron-deficient  cells  when  grown  anaerobically.   Anaerobic  glycoly- 
sis was  high,  catalase  activity  low  and  no  oxidation  of  acetate  or  tricar- 
boxylic acid  cycle  intermediates.   Glucose,  pyruvate  and  lactate  were  oxi- 
dized poorly.   Cytochrome  a  was  completely  absent  and  only  low  levels  of 
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cytochromes  b  and  £  were  detected.  These  latter  two  cytochromes  are  pre- 
sent in  these  cells  to  the  same  extent  that  they  are  found  in  aerobically 
grown  iron-deficient  cells. 

From  our  data,  we  are  able  to  conclude  that  iron-deficiency  in  S^, 
aureus  involves  the  impairment  of  aerobic  respiration  resulting  in  a  reduc- 
tion in  the  rate  and  total  amount  of  growth.   This  occurs  only  under  aerobic 
conditions  since  the  only  detectable  difference  between  anaerobically  grown 
iron-rich  and  iron-deficient  cells  was  in  the  amount  of  iron  taken  up. 
Growth  or  metabolism  was  not  affected.   Apparently,  the  requirements  for 
iron  during  anaerobic  growth  are  less  stringent.   This  may  explain  why 
aerobic  deficient  cells  grow  so  poorly  while  the  anaerobic  deficient  cells 
do  not;  even  though  both  types  of  cells  take  up  approximately  the  same 
amount  of  iron.   During  aerobic  growth,  the  major  source  of  energy  for 
biosynthetic  reactions  is  via  oxidations  coupled  to  an  electron  transport 
system  mediated  by  cytochromes;  in  contrast,  the  major  source  of  energy 
during  anaerobic  growth  is  anaerobic  glycolysis  and  does  not  involve  aerobic 
respiration. 

Significance  to  biomedical  research  and  the  program  of  the  Institute: 

A  study  of  the  regulatory  enzymatic  control  mechanisms,  especially 
with  iron,  of  Staphylococcus  aureus  will  contribute  to  our  basic  under- 
standing of  the  intermediary  metabolism  not  only  of  other  bacteria  but 
of  mammalian  hosts  as  well.   It  is  well  established  that  iron  is  required 
by  certain  pathogenic  microorganisms  for  the  synthesis  or  activation  of 
toxins  which  are  implicated  in  virulence;  and  has  been  implicated  as  the 
metallic  ion  to  be  most  critical  in  determining  whether  an  infectious  agent 
may  be  permitted  to  multiply  innammalian  host  tissues.   It  is  anticipated 
that  our  studies  may  have  a  practical  application  in  elucidating  the  rela- 
tionships between  pathogenicity  of  the  bacteria  and  their  definitive  bio- 
chemistry. 

Proposed  course  of  project: 

Using  isotopic  tracer  techniques  and  enzymatic  analyses,  we  propose 
to  evaluate  the  participating  of  known  energy-yielding  metabolic  processes. 
Also,  enzymatic  and  gel  electrophoresis  studies  on  the  iron-containing  and 
iron- dependent  systems  of  S^.  aureus  when  grown  aerobically  under  restricted 
iron  conditions  will  be  carried  out.  We  also  hope  to  study  the  effect  of 
iron-deficiency  on  the  uptake  and  incorporation  of  amino  acids  into  cellu- 
lar material. 

Honors  and  awards: 
None 

Publications: 
None 
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Project  Description: 

Objectives: 

Further  studies  on  toxicity  and  detoxification  of  the  tuberculo- 
static drugs  streptomycin  (SM),  isoniazid  (INH) ,  and  the  antiparasitic 
drugs  4,4' -diaminodiphenylsulfone  and  chloroquine.   In  addition,  to  find 
means  of  reducing  the  toxicity  of  these  drugs  as  well  as  increasing  toler- 
ance to  parasiticidal  and  antitumor  drugs  without  interference  with  chemo- 
therapeutic  activity. 

Methods  employed:  I 

Methods  were  described  in  previous  annual  reports.   After  removal,  or 
at  least  reduction  of  various  side  effects,  studies  were  performed  to  ana- 
lyze the  mechanism  of  action  of  the  detoxifying  agent  following  simultaneous 
subcutaneous  or  oral  administration  of  a  given  adjuvant  with  a  lethal  dose 
of  drug  (both  single  and  multiple  administrations) . 
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Major  findings: 

With  dimethylsulfoxide  as  solvent.   Studies  initiated  with  dimethyl- 
sulf oxide  as  solvent  for  isoniazid  and/or  streptomycin  have  shown  that 
an  ordinarily  lethal  6  mg  oral  dose  of  INH,  if  administered  in  a  35  per- 
cent dimethylsulfoxide  solution  (in  water) permitted  95%  survival  of  a 
group  of  40  DBA  mice.   Studies  with  a  mixture  of  streptomycin  and  iso- 
niazid led  to  the  discovery  that  a  lethal  10  mg  SM  plus  4  mg  INH  dose 
per  20  gram  mouse  when  administered  in  357o  DSMO  solvent  is  tolerated  by 
75  percent  or  more  of  the  mice  with  no  toxic  manifestations. 

With  Miracil  D:  Continuing  studies  with  this  compound  included  com- 
plexes of  hydrazones  and  thiosemicarbazones.  Various  derivatives  showed 
excellent  detoxifying  action.   The  complexes  were  tested  orally  for  toxicity 
in  DBA  mice.   Twenty  gram  mice  will  tolerate  only  5  mg  (250  mg/kg)  of 
Miracil  D  orally  for  5  days.   With  the  thiosemicarbazone  complex,  mice 
survived  20  mg  doses. 

With  4,4' -diaminodiphenylsulfone:   The  report(by  H.  M.  Archibald 
and  C.  M.  Ross,  A  preliminary  report  on  the  effect  of  4,4' -diaminodi- 
phenylsulfone on  malaria  in  Northern  Nigeria.  J.  Trop.  Med.  and  Hyg. 
63,  25-27,  1960)that  this  class  of  compounds  is  clinically  effective 
against  malaria,  but  toxic,  led  to  extensive  investigations  on  detoxi- 
fication with  the  hope  of  arriving  at  non-toxic  substances  with  chemo- 
therapeutic  activity.   Since  chloroacetylchloride  derivatives  of  4,4'- 
diaminodiphenylsulfone  (DDS)  proved  effective  in  permitting  mouse  sur- 
vival of  toxic  doses  of  the  parent  compound,  a  comprehensive  study  was 
carried  out  in  DBA  mice  on  the  effect  of  lengthening  the  chain  in  the 
amino  groups  of  DDS  on  the  toxicity  of  the  compound.   Derivatives  of 
DDS  with  chloropropionyl  chloride  and  with  chlorobutyrylchloride  were 
tested.   The  results  on  20  mice  (per  group)  treated  with  a  2  g/kg  dose 
of  each  of  these  derivatives  showed  that  the  animals  tolerated  this  dose 
with  no  visible  toxic  manifestations.   The  parent  compound  (DDS)  is  toler- 
ated by  mice  only  in  a  dose  of  125  mg/kg.   The  compounds  are  being  tested 
for  antimalarial  activity  in  mice  and  chicks  by  Dr.  Leo  Rane. 

With  chloroquine: 

Various  complexes  of  the  drug  with  a  number  of  monocarboxylic 
acid  salts  showed  excellent  detoxifying  action.  Mice  survived  a  lethal 
15  mg  dose  of  chloroquine  when  it  was  administered  as  the  monocarboxylic 
salt  of  nicotinic  or  isonicotinic  acid  in  both  single  and  repeated  doses. 

Significance  to  bio-medical  research  and  the  program  of  the  Institute: 

The  widespread  use  of  any  of  the  above  chemotherapeutic  agents  is 
limited  by  their  toxicity.  Means  of  increasing  the  tolerance  of  these 
toxic  chemotherapeutic  drugs  should  permit  more  effective  therapy. 
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Proposed  course 

This  project  was  again  curtailed  this  year  in  order  to  devote  more 
time  to  the  project  on  the  molecular  structure  of  the  serologically  active 
phospholipid  hapten  from  Mycoplasma  pneumoniae.   The  study  will  be  extended 
to  include  several  new  adjuvants  which  show  promise  as  detoxifying  agents 
in  preliminary  experiments.   In  addition  to  the  indicated  processes  with 
the  above  studies,  more  intensive  studies  will  be  performed  to  determine 
the  effect  of  the  adjuvants  on  the  resistance  of  the  malaria  parasite  to 
some  of  the  antimalarial  drugs  in  use  today  and  also  to  evaluate  the  ad- 
juvants as  an  effective  means  of  inhibiting  lung  tumors  produced  in  mice 
on  prolonged  use  of  isoniazid. 

Honors  and  Awards: 

None 

Publications: 

Prescott,  B.   Some  new  salts  of  lucanthone  as  potential  anti- 
cancer agents.  J.  Med.  Chem.  11,  156-158,  1968. 
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Objectives:   Further  studies  on  the  synthesis  of  new  potential  non- 
toxic chemo therapeutic  agents  against  bacterial,  fimgal,  parasitic,  viral 
infections  and,  as  anticancer  agents. 
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Methods  employed:   Several  new  series  of  synthetic  organic  compounds 
such  as  Schiff  bases  of  N-aminomorpholine  coupled  with  aliphatic,  aromatic, 
and  heterocyclic  aldehydes  (3I  deriv),  aipha-naphthylhydrazones  (2^  deriv), 
hydrazones  of  9-liyii:"azinoacridine  (13  deriv),  hydrazones  of  n-valerylhydra- 
zide  {kk   deriv),  thiosemicarbazones  of  indanethiosemicarbazide  (25  deriv), 
and  1,4-diaminopiperazine  condensed  with  similar  aldehydes  and  ketones  (60 
deriv).   In  addition,  Mannich  bases  of  dicyclohexylamine  (28  deriv),  mor- 
pholine  (3I  deriv),  and  2-mercaptobenzothiazole  (18  deriv)  weire  prepared  by 
first  synthesizing  the  methylol  derivatives  of  the  starting  materials  with 
formaldehyde  and  coupling  the  intermediate  with  a  series  of  aliphatic  and 
aromatic  secondary  amines. 

Antifungal  activity:   The  series  of  bis -hydrazones  of  1,4  diamino- 
piperazine  {hk   deriv)  were  tested  by  Dr.  George  Lones  for  potential  activi- 
ty against  Histoplasma  capsulatum  and  Cryptococcus  neoformans. 

Parasiticides:   Since  it  was  found  that  condensation  products  of 
acetanilide,  4' , V -sulfonylbis  /2-chloro-  coupled  with  certain  aliphatic 
and  aromatic  amines  showed  high  in  vivo  activity  against  Plasmodium  ber- 
ghei  infections  in  mice,  it  was  of  interest  to  find  out  whether  lengthen- 
ing the  chain  on  the  amino  groups  in  the  4,4' -diaminodiphenylsulfone  would 
be  more  effective  in  producing  compounds  that  would  possess  greater  activity 
against  the  parasite  than  the  acetanilide  derivative.  Accordingly,  a  series 
of  50  chloropropionyl  derivatives  and,  a  series  of  50  chlorobutyryl  deriva- 
tives of  4,4' -diaminodiphenylsulfone  were  prepared  by  condensing  these 
intermediates  with  aliphatic  and  aromatic  amines.  Extensive  investigations 
are  being  carried  out  by  Dr.  Leo  Rane  at  the  University  of  Miami  Medical 
School  with  all  compounds  synthesized  in  our  laboratory  for  their  potentiaJ. 
activity  as  ajitimalarials. 

Antiviral  activity:   Several  of  the  compounds  synthesized  that  were 
found  to  possess  antitumor  or  antimalarial  activity  are  also  being  tested 
by  Dr.  C.  P.  Li  against  herpes  simplex  virus. 

Major  findings: 

In  the  large  number  of  compounds  synthesized,  numerous  thiosemicarba- 
zones of  indazolethiosemicarbazide,  hydrazones  of  aminohexamethyleneimine, 
alpha -naphthylhydraz ones,  bis -hydrazones  of  1,4-diaminopiperazine  were 
found  to  possess  high  in  vitro  activity  against  Staphylococcus  aureus  FD  209 
and  Histoplasma  capsiolatum.   In  addition,  the  valeric  acid  ^M-benzyloxyben- 
zylidene/  hydrazide  was  found  to  possess  in  vivo  activity  against  the  Walker 
256  (intramuscular)  carcinosarcoma.   In  a  series  of  bishydrazones  of  1,4- 
phthalalzines  (66  deriv)  reported  in  last  year's  project  and  tested  during 
this  year  for  potential  antitumor  activity,  12  of  the  derivatives  showed 
antitumor  activity  against  the  Walker  256  tumor.   Several  of  the  chloro- 
propionyl derivatives  of  4,4' -diaminodiphenylsulfone  that  have  been 
tested  thus  far  against  Plasmodium  berghei  in  experimentally  infected  mice 
and  chicks  shom)romise  as  potential  antimalarial  a^nts.  Acute  and  chronic 
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toxicity  studies  were  performed  in  DBA  mice.  The  majority  of  the  compounds 
synthesized  were  non-toxic  in  a  dose  of  2  g/kg  by  oral  or  parenteral  admin- 
istration. 

Significance  to  bio-medical  research  and  the  program  of  the  Institute: 

Nijmerous  derivatives  in  the  large  number  of  compounds  synthesized 
have  exhibited  confirmed  chemotherapeutic  activity  against  Plasmodium 
berghei  infections  in  mice  and  confirmed  activity  against  Walker  256 
( intramuscular )  carcinosarcoma  in  rats.  Most  of  the  compounds  described 
are  also  being  tested  for  potential  antitumor  activity  by  the  Cancer 
Chemotherapy  Center.  Because  of  high  tolerance  and  effecti"vsness,  the 
chemotherapeutically  active  compounds  may  be  useful  in  the  chemotherapy 
of  human  parasitic  infections  and  as  anticancer  agents . 

Proposed  course: 

In  vivo  experiments  are  being  carried  out  in  several  laboratories  to 
determine  the  effectiveness  of  the  large  number  of  compoiinds  synthesized 
against  different  tumor  systems  in  animals  and  as  potential  antimalarial 
agents  in  infected  mice.   Continued  synthesis  of  new  non -toxic  potential 
active  chemotherapeutic  agents  against  bacterial^  parasitic,  fijngal;  viral 
infections  and  animals  as  antitumor  agents  will  be  carried  out. 

Honors  and  awards: 

Invitational  papers 

7th  Interscience  Conference  on  Antimicrobial  Agents  and 
Chemotherapy,  Chicago,  Illinois.  "Potential  antimalarial  agents.   I. 
Iterivatives  of  2-chloro-l,4-naphthoq_uinone'iOct .  25-27,  I967. 

Annual  Meeting  of  the  Canadian  Society  of  Chemotherapy, 
Montreal,  Canada,  JAn.  29-30^  I968.   "Bi shy draz ones  of  1,^-diaminopipera- 
zine  as  potential  antimicrobial  agents." 

2nd  International  Symposium  of  Pharmaceutical  Chemistry, 
Munster/Westf .,  Geramny,  July  22-26,  I968. 

4th  International  Meeting  of  Chimie  Therapeutique  (Medicinal 
Chemistry)  Clermont-Ferrand,  Prajice,  Sept.  h-6,   I968. 

Federation  of  Hungarian  Medical  Societies  for  150th  Anniversary 
of  Dr,  Semmelweiss.   Senmielweiss  Anniversary  Week.   Budapest,  Hungary, 
Nov.  10-16,  1968. 

Publications 

Prescott,  B.,  Lones,  G.,  and  Caldes,  G.:  Bis-hydrazones  of 
1,4-diaminoplperazine  as  potential  antimicrobial  agents. 
International  J.  Clin.  Pharmacol.,  Therapy  and  Toxicology. 
(Invitational  paper).   In  press. 
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Publications  continued 

Prescott,  B.,  Caldes,  G.,  Piggott,  W  R.  and  Hill,  W.  B.: 
Some  new  thiosemicarbazones  as  potential  chemo therapeutic 
agents.  Indazolethiosemicarbazones.  Proc.  5th  Internat. 
Congress  for  Chemotherapy,  23-33,  1967.  Vienna,  Austria. 
(Invitational  paper). 

Prescott,  B.,  Caldes,  G.,  Piggott,  W.  R.  and  Hill,  W.  B.: 
Hydrazones  of  aminohexamethyleneimine  as  potential  anti- 
microbial agents.   Chimica  Therapeutica  (Chimie  Therapeu- 
tique)  2:228-230,  1967. 

(Invitational  paper  -  only  American  paper  (of  30  American 
papers)  chosen  to  be  published  in  special  edition  of  Chimica 
Therapeutica  for  this  meeting) . 
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1.  Microbiology 

2.  Bacterial   Structure  &  Function 

3.  Bethesda,    Md. 


PHS-NIH 
Individual  Project  Report 
July  1,  1967  through  June  30,  1968 


Project  Title: 


Studies  on  antibacterial,  antiviral  and  antitumor 
agents  from  molluscs  and  foodstuffs. 


Previous  serial  number:  Same 

Principal  Investigator:  Dr.  Benjamin  Prescott 

Other  Investigators:    Mr.  George  Caldes 


Cooperating  Units: 


Laboratory  of  Virology  and  Rickettsiology 

Division  of  Biologies  Standards 

Dr.  Chen  Pien  Li  and  Mr.  Elmer  C.  Martino 

Northeast  Shellfish  Research  Center 
Narragansett,  R.  I. 
Dr.  Oscar  Liu 

Fisheries  Research  Board  of  Canada 
Halifax  Laboratory 
Halifax,  Nova  Scotia 
Dr.  M.  F.  Li 


Man  Years 

NIAID 

Other  NIH 

Lab.  Staff 

Personnel 
Assigned 

Guest 

Workers 

TOTAL 

Total 

8/12 

0 

0 

8/12 

Professional 

2/12 

0 

0 

2/12 

Other 

6/12 

0 

0 

6/12 

Project  description 

Objectives:    Continuation  of  our  intensive  studies  on  procedures 
for  the  isolation  and  purification  of  the  antimicrobial  and  antitumor 
agents  from  various  species  of  molluscs  and  foodstuffs.  Our  major  in- 
terest is  to  determine  the  chemical  nature  of  the  antitumor  substances 
present  in  clam  liver  and  from  one  of  the  foodstuffs,  African  onion. 
Biological  testing  was  performed  by  Dr.  C.  P.  Li,  Dr.  Oscar  Liu,  Dr.  M.F, 
Li  and  by  screeners  under  contract  to  the  Cancer  Chemotherapy  National 
Service  Center. 
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Methods  employed; 

The  testing  procedures  employed  have  been  described  previously. 
Methods,  as  described  in  previous  years  and  in  addition,  water  extracts 
of  whole  clams,  clam  meat  without  liver  and  clam  liver  were  studied  more 
intensively  to  confirm  our  earlier  findings  that  the  biological  tests 
showed  that  the  liver  (digestive  diverticulum)  of  the  clam  contained 
most  of  the  antiviral  and  antitumor  activity  whereas  the  remaining  parts 
of  the  body  showed  very  little  activity.   These  water  soluble  extracts 
were  fractionated  according  to  the  NaCl  procedure  reported  in  last  year's 
project.   All  the  powdered  extracts  were  stored  at  4°  C  and  resuspended 
in  saline  or  water  immediately  before  use.   In  addition,  fractions  from 
the  same  materials  were  prepared  by  differential  centrifugation  at  2000 
RPM,  7000  RPM  and  17,000  RPM.   Further  work  on  column  rechromatography 
was  carried  out  with  hydroxylapatite  and  florisil  for  separating  the  pro- 
teins with  different  molecular  configurations  and  molecular  weights.   The 
various  fractions  prepared  by  these  procedures  were  tested  for  homogeneity 
by  ultracentrifugation  and  by  electrophoresis  on  polyacrylamide  gel.   All 
of  the  fractions  were  tested  for  biological  activity  in  tissue  culture  and 
in  animals. 

Major  findings: 

(A)  The  active  antitumor  material  is  composed  of  carbohydrate,  poly- 
peptide and  an  unknown  substance  linked  to  the  protein.   Since  Szent- 
Gyorgi  hypothesized  the  existence  of  a  growth- inhibitory  substance  in 
normal  cells  which  he  called  retine  (a  glyoxal  derivative),  we  have  hy- 
drolyzed  our  active  material  and  isolated  a  crystalline  product  related 

to  methylglyoxal  as  a  hydrazone.   There  are  several  possible  mechanisms 
by  which  the  active  material  may  be  effective   1)   by  removing  inhibitors, 
2)  by  releasing  the  active  material  from  some  inactive,  bound  form  or  3) 
by  adding  some  adjuvant  which  will  activate  the  inactive  bound  form.   Our 
most  active  material  which  gave  one  peak  on  ultracentrifugation  was  always 
found  to  be  bound  with  a  protein  molecule.   These  preparations  were  shown 
to  exert  a  definite  inhibitory  effect  against  S-180  in  white  Swiss  mice 
with  a  clear-cut  dose  response.   When  tumor  bearing  mice  were  treated 
with  100  mg/kg  of  the  active  material  for  7  days,  average  tumor  weight 
was  reduced  to  300  mg  from  1625  mg  equivalent  to  187o  of  control  tumor 
weight.   The  same  clam  liver  material  was  assayed  for  activity  against 
L  1210  leukemia.   When  mice  were  treated  with  250  mg  and  125  mg/kg  of  the 
liver  product,  mean  survival  time  was  increased  397o  and  257o  respectively 
over  the  controls.   Additional  experiments  also  demonstrated  the  fact 
that  oncogenesis  of  adenovirus  type  12  in  hamsters  could  be  inhibited. 

(B)  Studies  on  water  extracts  of  mussels,  sesame  seed,  soaproot 
seed  and  bark,  grape  leaves,  Chayoti  squash,  black  beans  (South  American) 
Algae  (Wood's  Hole),  12  Chinese  herbs,  and  African  onions  were  carried 
out  to  determine  whether  any  of  these  extracts  possessed  antitumor  ac- 
tivity.  We  have  already  successfully  demonstrated  antiviral  activity 
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with  water  extracts  of  fresh  snow  peas  (Pisum  sativum  macrocarpon) .   In 
the  above  group  of  foodstuffs,  water  extracts  of  the  bulb  of  the  African 
onion  (Muscari  comosum)  was  found  to  possess  confirmed  antitumor  activity 
against  Walker  256  (intramuscular)  carcinosarcoma  by  screeners  under  con- 
tract to  the  Cancer  Chemotherapy  National  Service  Center.   The  methods  em- 
ployed for  the  isolation  and  purification  of  the  antitumor  agent  were  frac- 
tional precipitation  with  ethyl  alcohol  and  by  column  chromatography  on 
various  numbered  Sephadexes  and  on  ion  exchange  material  such  as  Bio-gels, 
hydroxylapatite  and  florisil.   The  active  material  was  found  present  in 
the  first  peak  of  the  eluted  material  from  the  columns.   With  the  alcohol 
precipitation  method,  the  most  active  fractions  were  accumulated  in  the 
1/2  and  1  vol.  alcohol  precipitates.   The  methods  employed  indicated  the 
reproducibility  of  the  extraction  procedures  for  separation  of  the  active 
antitumor  fraction  and  the  consistency  of  the  anticancer  activity  exerted 
by  the  extracts. 

Analytical  studies  showed  that  the  material  contained  carbohydrate 
and  a  polypeptide.   Hydrolysis  of  the  active  fraction  was  carried  out  in 
6N  HCl  in  a  vacuum  sealed  tube  for  24  hours  at  120°  C.   The  hydrolysate 
was  then  chromatographed  for  amino  acids.   None  of  the  samples  described 
contained  any  of  the  sulfur  containing  amino  acids.   Amino  acid  analysis 
accounts  for  most  of  the  nitrogen  in  the  peptide  molecule.   The  position 
of  the  amino  acids  within  the  entire  peptide  chain,  however,  remains  to 
be  established  by  further  investigation. 

Trypsin  hydrolysis  of  the  material.    5  ^g  samples  of  active  fractions 
were  hydrolyzed  at  pH  8.0  with  0.06  mg  of  trypsin  for  16  hours  at  37°  C. 
Aliquots  were  subjected  to  paper  electrophoresis.   The  molecule  was  hydro- 
lyzed into  3  fragments.   The  samples  separated  by  chromatography  are  being 
assayed  for  antitumor  activity.   Various  fractions  were  also  tested  for 
potential  activity  as  antifungal  agents.   The  material  demonstrated  some 
activity  against  Histoplasma  capsulatum,  being  inhibitory  at  10  mg/ml. 

Significance  to  bio-medical  research  and  the  program  of  the  Institute: 

The  various  preparations  of  extracts  from  clam  liver  and  from  cer- 
tain foodstuffs  consistently  possessed  antineoplastic  activity  _in  vivo. 
In  addition,  advances  have  been  made  by  showing  that  if  the  active  prin- 
ciple is  a  small  molecule  and  tied  to  protein  as  a  carrier,  activity  is 
lost  when  the  components  are  separated.   Methods  have  been  employed 
that  facilitate  purification  and  concentration  of  the  active  principle 
by  chemical  procedures.   The  foodstuffs  represent  an  abundant  potential 
source  of  non- toxic  antiviral  and  antitumor  agents  which  when  purified 
may  prove  to  be  valuable  as  therapeutic  and  prophylactic  agents  against  vi- 
ral infections  and  tumors  in  humans. 
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Proposed  course; 

Intensive  studies  on  the  chemical  identification  of  the  agents  are 
in  progress.   Studies  will  be  carried  out  on  the  antitumor  activity  of 
the  material  against  other  viruses  that  induce  tumors  in  animals  and 
against  other  tumors  in  animals. 

Honors  and  awards : 


Invited  to  participate  in  the  2nd  Natural  Products  Symposium  of  the 
University  of  the  West  Indies,  Kingston,  Jamaica,  Jan.  2-6,  1968. 

Invited  by  Dr.  M.  F.  Li,  Fisheries  Research  Board  of  Canada  to  visit 
the  Halifax,  Nova  Scotia,  Laboratory  for  discussions  and  collaboration  on 
"Antimicrobials  Present  in  Molluscs." 

Invited  to  present  a  paper  at  the  5th  International  Symposium  on  the 
Chemistry  of  Natural  Products,  London,  England  July  8-13,  1968. 

Invited  to  present  a  paper  at  the  Third  European  Malacological  Con- 
gress and  Symposium,  Vienna,  Austria,  Sept.  1-7,  1968. 

Publications: 

Li,  C.P.,  Liu,  O.C.,  Prescott,  B.  and  Martino,  E.C.   Antineoplastic 
activity  of  clam  liver  extract.  Nature  -  in  press, 

Li,  C.P.,  Prescott,  B.,  Eddy,  B.,  Chu,  E.,  and  Martino,  E.  C:   Sup- 
pression by  clam  extract  of  oncogenesis  induced  in  hamsters  by 
adenovirus  12.   J.  Natl.  Cancer  Inst.  -  in  press. 


46 


Serial  No.  NIAID  64-C 

1.  Laboratory  of  Microbiology 

2.  Bacterial  Structure  &  Function 
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3.  Bethesda,  Md. 


Project  Title: 


PHS -NIH 
Individual  Project  Report 
July  1,  1967  through  June  30,  1968 


Studies  on  the  elucidation  of  the  structure  of  a 
serologically  active  lipid  hapten  from  Mycoplasma 
pneumoniae. 


Previous  serial  number:  Same 


Principal  investigator: 
Other  Investigators: 
Cooperating  Units: 


Dr.  Benjamin  Prescott 
Mr.  George  Caldes 

Laboratory  of  Viral  Diseases,  NIAID  70-C 
Viral  and  Rickettsial  Diseases  Section 
Respiratory  Virus  Unit 

Dr.  Robert  M.  Chanock 

Mr.  Walter  D.  James 

Dr.  Otokar  Sobeslavsky, 

Visiting  Scientist  from  the 

Institute  of  Epidemiology  and 

Microbiology 

Prague,  Czechoslovakia 

Laboratory  of  Nutrition  and  Endocrinology,  NIAMD 
Dr.  Sidney  Chernick 
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NIAID 

Other  NIH 
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Assigned 

Total 

16/12 

_ 

Professional 

6/12 

- 

Other 

10/12 

- 

Guest  Workers 


TOTAL 


16/12 

6/12 

10/12 


Project  Description 

Objectives:   Purification  of  the  serologically  active  phospholipid 
hapten  from  M.  pneumoniae  as  a  homogeneous  substance  for  use  in  charac- 
terization experiments  and  for  immunogenic  studies. 
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Methods  employed: 

The  active  hapten  that  was  originally  found  to  be  an  homogeneous 
substance  by  thin  layer  chromatography  on  silicic  acid  plates  (TLC)  and 
developed  with  iodine  was  shown  to  consist  of  more  than  one  substance  when 
tested  with  a  developing  mixture  of  CHCl2(65)-methanol(25) -water(4)  and 
the  plates  sprayed  with  anisaldehyde.   New  and  more  sensitive  methods  have 
therefore  been  tested  for  the  isolation  and  purification  of  the  active 
phospholipid  hapten.   Fractionation  of  the  semi-purified  lipid  into  indi- 
vidual molecular  structures  was  achieved  by  separation  with  various  mix- 
tures of  organic  solvents  by  two  additional  methods.   Method  A  used  by 
Kenney  at  the  University  of  Washington  Medical  School  (unpublished)  con- 
sisted in  extracting  the  organisms  with  a  mixture  of  chloroform-methanol 
(2:1),  applying  the  extract  onto  a  silicic  acid  column  and  eluting  with 
various  mixtures  of  CHCl  -MeOH  and  with  one  mixture  of  ethyl  acetate- 
methanol  (3.5:2).  The  most  active  material  was  recovered  in  the  (9:1) 
CHCl3-MeOH  eluate.   With  Method  B,  using  CHCl3-acetone  (1:1),  acetone,  and 
then  different  mixtures  of  CHClo-MeOH  consecutively,  the  most  active  frac- 
tion was  again  recovered  from  the  silicic  acid  column  with  the  (9:1) 
CHClo-MeOH  mixture.   The  method  A  active  material  was  still  a  mixture  of 
phospholipids  as  tested  by  a  new  sensitive  method,  using  a  mixture  of 
chloroform  (65) -methanol  (25) -water  (4)  as  the  developing  mixture  on  TLC 
plates  and  the  spots  identified  by  spraying  the  plates  with  a  solution 
of  anisaldehyde  (97  ml  ,   acetic  acid-2  ml  sulfuric  acid  and  1  ml  anisalde- 
hyde).  The  plates  were  then  heated  to  120°  for  10  minutes.   One  blue 
spot  that  developed  with  the  anisaldehyde  showed  that  the  active  material 
may  be  an  homogeneous  substance.   Since  in  several  experiments,  a  homo- 
geneous product  was  obtained  with  the  (9:1)  CHclo-MeOH  eluate  from  silicic 
acid  columns  using  Method  B,  the  (9:1)  CHClo-MeOH  material  from  Method  A 
which  showed  several  spots  on  TLC  plates  was  rechromatographed  using  Method 
B.  Purification  of  the  active  fraction  was  attained  so  that  the  rechromato- 
graphed (9:1)  CHClo-MeOH  fraction  now  gave  one  spot  on  TLC  plates. 

Major  findings: 

Mild  alkaline  hydrolysis  of  the  active  hapten  with  0.07  M  tetra- 
methylammonium  hydroxide  gave  a  ratio  of  2  phosphorus  to  3  glycerols  to  5 
fatty  acids  in  the  molecule  of  hapten.   Since  this  ratio  is  found  with 
cardiolipin,  the  serologically  active  M.  pneumoniae  phospholipid  was  com- 
pared with  natural  cardiolipins.   In  certain  structural  properties  the 
active  material  and  the  various  cardiolipins  are  quite  similar:  however, 
the  cardiolipins  are  inactive  in  complement-fixation  tests  with  M.  pneu- 
moniae  antigens.   Enzymic  hydrolysis  with  phospholipase  C  degraded  the 
intact  phospholipid  structure  and  chromatography  of  the  products  indi- 
cated that  the  active  haptens  may  have  a  backbone  structure  that  is  similar 
to  a  cardiolipin  type  structure.   However,  after  deacylation,  the  active 
material  had  been  converted  into  a  slower  moving  phosphorus-containing 
material  characteristically  different  than  that  of  the  cardiolipins. 
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Analytical  analysis  of  the  purified  one  spot  (TLC)  active  hapten 
showed  that  there  was  no  detectable  nitrogen  or  carbohydrate  present 
in  the  product.   In  addition,  the  analysis  suggests  that  the  fatty  acid 
in  the  center  glycerol  component  in  the  hapten  molecule  may  be  linked 
differently  than  in  the  cardiolipin  structure  and  that  the  fatty  acid  may 
be  a  different  chain  length  and  coupled  by  an  ether  linkage.   Confirma- 
tion of  the  linkages  between  the  units  in  the  hapten  provided  evidence  as 
to  the  relative  position  of  the  different  phosphate  groups  and  fatty  acid 
molecules.   Studies  on  the  hapten  were  also  carried  out  with  Dr.  Sobeslvasky 
on  the  adsorption  of  Mycoplasma  pneumoniae  to  neuraminic  acid  receptors  of 
various  cells,  and  the  possible  role  in  virulence. 

Significance  to  bio-medical  research  and  the  program  of  the  Institute: 

Emphasis  is  being  placed  on  the  study  of  the  types  of  linkage  pre- 
sent in  the  central  glycerol  component  and  on  the  fatty  acid  linkage  in- 
volved.  Partial  hydrolysis  of  the  hapten  molecule  is  very  important  in 
these  structural  studies.   With  partial  breakdown  products,  the  groups 
and  components  in  the  molecular  configuration  of  the  serologically  active 
phospholipid  hapten,  the  exact  molecular  weight  and  the  overall  shape  of 
the  molecule  can  be  determined.   It  may  then  be  possible  to  synthesize 
this  low  molecular  weight  hapten. 

Proposed  course: 

An  intensive  study  is  in  progress  to  determine  the  molecular  con- 
figuration of  the  purified  Mycoplasma  pneumoniae  serologically  active 
phospholipid  hapten.   Since  the  phospholipid  material  is  a  low  molecu- 
lar weight  compound,  concentration  on  suitable  means  of  coupling  the 
hapten  without  deacylation  to  a  protein  or  polysaccharide  molecule  in 
attempts  to  produce  an  immunogenic  product  for  use  as  a  potential  puri- 
fied vaccine  will  be  intensified. 

Honors  and  awards: 

Invited  to  attend  the  North  Central  Branch  meeting  of  the  American 
Society  of  Microbiology  at  Vermillion,  South  Dakota,  Oct.  20-21,  1967. 
Co-author  of  paper  presented  by  Dr.  Sobeslavsky:   Serological  and  Immuno- 
genic Activities  of  Fractions  of  Mycoplasma  pneumoniae.   0.  Sobeslavsky, 
B.  Prescott,  W.  D.  James  and  R.  M.  Chanock. 

Invited  for  Discussions  on  M.  pneumoniae  Phospholipid  Hapten  at 
Army  Medical  Research  Institute  (Conference  on  Respiratory  Diseases) 
Washington,  D  C,  Nov.  9,  1967. 

Invited  to  attend  the  Third  International  Fermentation  Symposium  at 
the  Institute  of  Microbiology,  Rutgers  University,  New  Brunswick,  N.J. 
Sept.  2-6,  1968. 
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Honors  and  awards  -  continued. 

Invited  to  present  a  paper  at  the  International  Symposium  Mycoplasma 
Diseases  of  Man,  Reinhardsbrum  Castle,  Erfurt,  German  Democratic  Republic, 
Oct.  2-6,  1968.   Papers  on  program:  "Phospholipid  Hapten  of  Mycoplasma 
pneumoniae" ,  B.  Prescott,  G.  Caldes  and  R.  M.  Chanock;  "Immunological 
Properties  of  Fractions  of  Mycoplasma  pneumoniae",  0.  Sobeslavsky,  B. Pres- 
cott, and  R.  M.  Chanock. 

Publications: 


Chanock,  R.  M. ,  Smith,  C.B.,  Friedenwald,  W.T.,  Gutekunst,  R. , 
Fuld,  S.,  Jensen,  K.  E.,  Senterfit,  L.B.  and  Prescott,  B.: 
Mycoplasma  Pneumoniae  Infection  -  Prospects  for  Live  and  Inacti- 
vated Vaccines.   PAHO  Sci.  Pub.  147,  132-140,  1967. 

Sobeslavsky,  0.,  Prescott,  B.,  and  Chanock,  R.  M. :  Adsorption  of 

M.  pneumoniae  to  neuraminic  acid  receptors  of  various  cells.   Possible 

role  in  virulence.   J.  Bact.  -  in  press. 
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Project  Title: 


Serial  No.  NIAID  65 

1.  Microbiology 

2.  Bacterial  Structure  &  Function 

3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  1967  through  June  30,  1968 

Bacterial  structure  and  function,  particularly 
in  the  biology  of  Group  A  streptococci. 


Previous  Serial  Number: 


Same 


Principal  Investigator:    Dr.  Roger  M.  Cole 


Other  Investigators: 
Cooperating  Units: 


Dr.  James  R.  King  and  Miss  Alba  E.  Colon 

Laboratory  of  Molecular  Biology 
National  Institute  of  Neurological 

Diseases  and  Blindness,  NIH 
(Dr.  Ernst  Freese;  Dr.  Elizabeth  Freese) 

The  Massachusetts  General  Hospital, 
Boston  (Dr.  Louis  Dienes) 


Man  Years: 

NIAID 
Lab.  Staff 

Other  NIH 
Personnel 
Assigned 

Guest 

Workers 

TOTAL 

Total 

Professional 

Other 

42/12 
18/12 
24/12 

0 
0 
0 

0 
0 
0 

42/12 
18/12 
24/12 

Project  Description: 

Objectives:   To  explore,  in  bacteria  and  their  derived  L  forms,  the 
relation  of  ultrastructure  to  function  -  especially  in  terms  of  antigenic 
composition  and  localisation,  biosynthesis  of  cell  components,  growth  di- 
vision, and  pathogenicity. 

Methods  employed:  Standard  methods  of  bacteriology,  serology,  phage 
virology,  microbial  genetics,  biochemistry,  and  electron  microscopy.  Spe- 
cial methods  where  appropriate,  such  as  marking  of  bacteria  with  fluores- 
cein and  ferritin- labelled  antibodies. 
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Major  findings: 

(a)  Electron  microscopy  of  B.  subtilis  mutants.  In  collaboration  with 
the  Drs.  Freese  (LMB,  NINDB) ,  we  are  examining  whole  mounts  and  ultrathin 
sections  of  mutants  of  B.  subtilis  which  produce  non-germinating  spores. 
The  results  will  be  correlated  with  detectable  deficiencies  in  biosynthesis, 
or  other  biochemical  blocks.   Preliminary  results  show  that  the  deficient 
mature  spores  possess  apparently  normal,  though  sometimes  distorted,  outer 
and  inner  spore  coats,  but  the  spore  proper  is  located  eccentrically  with 
corresponding  distortion  of  the  surrounding  cortex.  The  spore  does  not 
attain  the  structureless  or  amorphous  appearance  characteristic  of  the 
stage  of  refractility ,  and  ribosomes,  mesosomes,  and  nucleoid  are  usually 
visible.   In  many,  the  cortex  appears  granular,  as  in  the  early  stages  of 
germination:  or  is  eliminated  by  expansion  of  the  spore.   Occasionally, 
seeming  abortive  formation  of  new  wall  about  the  spore  is  seen.   The  most 
common  appearance  is  one  of  remnants  of  spore  cytoplasm  and  fibrils  of  DNA, 
together  with  fragments  of  spore  membrane,  completely  occupying  the  space 
within  the  intact  spore  coats.   These  findings  suggest  abortive  germination 
leading  to  lysis  within  spore  coats  which  fail  to  rupture.  Continuing  stu- 
dies of  timed  samples  up  to,  during,  and  after  sporulation,  are  in  progress. 

(b)  Comparative  electron  microscopy  of  bacterial  L  forms.   Examination 
by  electron  microscopy  of  ultrathin  sections  of  a  variety  of  L-forms  has 
been  continued  and  extended.   The  L-forms  of  several  Proteus  sp.  and  Sal- 
monella sp.,  grown  on  different  solid  media  and  at  different  temperatures, 
all  possess  the  surface  structure  described  in  last  year' s  report  --  namely: 
an  outer  wall  and  inner  membrane,  both  of  '"triple-layered"  appearance,  and 
separated  by  an  ill-defiaed  layer  probably  representing  residual  non-cross- 
linked  mucopeptide.   All  of  these  L  forms  appear  to  be  of  the  "B"  type,  and 
revert  readily  to  the  parental  bacteria  when  transferred  to  media  without 
penicillin.   On  the  other  hand,  some  L-forms  of  Hemophilus  influenzae,  on 
first  examination,  appear  to  be  bounded  by  a  single  membrane;  and  multiple 
smaller  bodies  develop  within  larger  bodies.   This  resembles  more  the  L- 
forms  of  gram-positive  cocci  such  as  Streptococci  of  groups  A  and  D.  Still 
to  be  examined  are  the  L-forms  of  several  staphylococci.  Strep tobacillus 
moniliformis,  Proteus  9,  and  revertable  strains  of  Group  A  streptococci. 
Many  of  these  latter  have  already  been  examined  by  gel  electrophoresis  of 
their  membrane  proteins  (See  Project  No.  65-B,  this  Report). 

(c)  Pathogenicity  of  Group  A  streptococcal  L-forms:   Attempts  to  in- 
fect tissue  cultures  of  human  embryonic  diploid  cells  (WI-38) ,  as  reported 
in  detail  last  year,  have  continued  to  be  unsuccessful.   On  the  assumption 
that  the  cell  line  used  in  reported  successful  studies  (Schmitt-Slomska, 
Boue,  and  Caravano,  Comptes  rendus,  Ser.  D.,  263,  1650,  1966)  was  different, 
we  obtained  this  line  from  Dr.  Boue  in  Paris.   Unfortunately .because  of 
bacterial  contamination  and  unknown  causes,  we  hava  been  unable  to  maintain 
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these  cells  in  subculture,  in  two  attempts  with  fresh  cells.   As  soon  as 
these  cells,  or  another  suitable  line  of  continuously  cultivable  cells,  can 
be  established  in  this  laboratory,  we  will  re-institute  studies  of  the  in- 
fectivity  and  pathogenicity  of  bacterial  L- forms. 

(d)  Identification  of  L  forms  by  serological  methods:   Rabbits  pre- 
viously immunized  against  Group  A  streptococcal  L  forms  were  given  intra- 
venous booster  injections  of  whole  washed  L  form  cells,  in  varying  amounts 
and  schedules.   No  increases  in  antibody  titer  (as  detected  by  indirect 
immunofluorescence  on  dilutions  of  the  L  antisera)  occurred;  and  the  anti- 
sera  continued  to  be  non-specific,  in  that  all  reacted  positively  with  L- 
forms  of  2  staphylococci  and  one  Streptococcus  f ecalis  as  well  as  with  L- 
forms  of  several  different  serologic  types  of  Group  A  streptococci.   Simi- 
lar non-specificity  was  observed  with  antisera  from  several  rabbits  immu- 
nized with  group  D  (Str.  fecalis)  L-forms.   These  findings  verify  our  pre- 
vious unreported  results  of  the  non-specificity  of  these  antisera  in  the 
disc  growth- inhibition  test.   All  antisera  have  been  stored  in  the  frozen 
state  for  use  in  further  studies  after  adsorptions  with  heterologous  strains 
of  L  forms. 

(e)  L-form  growth  and  synthesis  of  surface  antigens:   The  globulin 
fractions  (507o  ammonium  sulfate  precipitate)  of  rabbit  antisera  against 
Group  A  streptococcal  L  forms,  were  labelled  directly  with  ferritin.   The 
labelled  globulins,  as  detected  by  electron  microscopy  on  whole,  washed  L- 
form  cells,  reacted  non-specif ically  with  several  strains  (as  noted  in  (d), 
above).   Excess  ferritin,  not  bound  to  the  cell  surfaces,  was  eliminated  by 
dilution  of  the  labelled  antibody  preparations  to  1:320  -  while  positive, 
but  non-specific  reactions  were  retained. 

To  determine  if  Group  A  streptococcal  L  forms  could  grow  in  the  pre- 
sence of  the  labelled  antibody,  such  L  forms  were  incubated  in  L  broth 
(Trypticase  Soy  Broth  plus  37o  NaCl)  containing  such  antibody.   At  the  end 
of  4  hours,  the  L  phase  cells  were  washed  with  L  broth  and  incubation  was 
continued  in  fresh  broth  containing  unlabelled  antibody.   Simultaneously,  the 
converse  experiment  of  initial  growth  in  the  presence  of  unlabelled  antibody, 
followed  after  washing  by  incubation  with  labelled  antibody,  was  carried  out. 
The  ferritin  label  could  be  detected  on  cells  of  both  preparations  after  4 
hours  of  incubation,  but  its  spatial  distribution  -  and  hence  the  mode  of 
membrane  growth  -  requires  further  study.   The  fact  that  label  is  detectable 
in  the  converse  experiment,  in  which  labelled  antibody  was  added  secondarily, 
suggests  that  surface  antigen  synthesis  did  occur,  thus  presenting  new  sur- 
face for  uptake  of  the  labelled  antibody.   However,  the  extent  of  synthesis 
is  as  yet  uncertain,  and  continued  growth  would  be  incompatible  with  the 
growth-inhibitory  properties  of  L-form  antisera.   Further  studies  are  in 
progress. 

L-forms,  exposed  to  ferritin- labelled  antibody  during  growth,  were 
washed,  fixed,  embedded,  and  sectioned.  Electron  micrographs  show  that 
small  bodies  developing  within  membranous  vesicles  during  growth  are  not 
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labelled,  whereas  the  outer  membranes  are  heavily  marked  with  ferritin. 
This  evidence  indicates  that  the  labelled  antibody  is  unable  to  penetrate 
the  cytoplasmic  membrane  of  the  growing  L  phase  cells. 

The  results  of  these  preliminary  experiments  suggest  that  marking  of 
L-form  membranes  by  labelled  antibody  to  their  surface  antigens  may  per- 
mit analysis  of  sites  of  membrane  synthesis  and  of  the  mode  of  reproduction. 

In  anticipation  of  future  studies  concerned  with  (1)  verification  of 
prior  methods  in  following  bacterial  cell  wall  replication,  and  (2)  the 
possible  presence  of  some  cell  wall  components  or  precursors  associated 
with  bacterial  L  forms,  we  are  now  preparing  ferritin-labelled  antibody 
directed  against  a  bacterial  mucopeptide,  which  is  the  rigid  and  basic 
component  of  bacterial  cell  walls. 


Significance  to  bio-medical  research  and  the  program  of  the  Institute:   In 
relating  structure  to  function,  we  are  concerned  with  examining  microorga- 
nisms in  which  a  structural  defect  or  difference  can  be  detected  uniquely 
and  therefore  correlated  with  a  given  detectable  functional  defect  or  dif- 
ference.  The  latter  may  be  represented  by  alterations  in  metabolic  path- 
ways; in  modes  of  growth  and  replication;  in  the  presence  or  absence  of 
specific  antigens;  or  in  infectivity,  virulence,  or  pathogenicity.  Clearly, 
it  is  simpler  to  start  with  a  known,  grossly  detectable  functional  differ- 
ence and  then  to  examine  the  defective  microorganisms  ultrastructurally  - 
than  to  proceed  in  the  converse  fashion.  Accordingly,  we  have  selected 
spore  mutants  as  examples  of  metabolic  defects;  and  bacterial  L-forms  as 
examples  of  a  peculiar  mode  of  growth  and  of  surface  antigen  alterations 
or  deficiencies  which  may  or  may  not  be  associated  with  changes  in  infec- 
tivity and  pathogenicity.  Available  electron  microscope  techniques  may 
allow  us  to  correlate  the  presence  or  absence  of  cell  organelles,  or  alter- 
ations in  structure  or  histochemical  reactions  of  cell  regions,  with  the 
demonstrated  functional  alterations  in  structure  or  histochemical  reactions 
of  cell  regions,  with  the  demonstrated  functional  alteration.   Known  examp- 
les are  the  absence  of  the  bacterial  mesosome  in  the  peculiarly  replicating 
L-forms;  or  the  retention  of  cell  wall  and  altered  mucopeptide  in  rapidly- 
reverting  L  forms  of  gram-negative  bacteria,  and  their  absence  in  non-re- 
verting forms.   We  anticipate  that  similar  basic  studies  will  aid  in  lo- 
calizing various  functions  in  the  normal  economy  of  the  bacterial  cell,  and 
in  thereby  explaining  what  happens  when  functional  alterations  -  induced 
either  phenotypically  or  mutationally  -  occur. 

Proposed  Course  of  Project: 

Studies  will  be  continued  as  indicated  in  the  individual  sections. 
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Honors  and  Awards: 

Continuing  memberships: 

Library  Advisory  Committee,  NIH 

International  Health  Career  Development  Committee,  USPHS,  HEW 

Vaccine  Development  Committee,  NIAID,  NIH 

Elected  to  Associate  Membership,  Clinical-Pathological  Society  of 
Washington,  D.  C.  -  Jan.  1968. 

Lectured  by  invitation: 

Canadian  Society  for  Microbiology,  Ottawa  -  June  15,  1967 

Georgetown  University  School  of  Medicine  -   Sept. 22,  1967 

Clinical-Pathological  Society  of  D.C.     -  May  21,  1967 

Institute  for  Rheumatism  Research,  University  Hospital, 
Leiden,  The  Netherlands  -  Oct.  24,  1967. 

Invited  participant,  Gordon  Research  Conference  on  Microbial  De- 
terioration, Tilton,  New  Hampshire,  July  1967. 

Elected  President,  Foundation  for  Advanced  Education  in  the 
Sciences,  Sept.  1967. 

Appointments:   Project  Officer,  Univ.  Chicago;  Contract  PH  43-68-83 
(Streptococcal  M  vaccine) 


Publications: 

Leonard,  C.  G.,  Colon,  A.  E.,  and  Cole,  R.  M. :  Transduction  in 
Group  A  streptococcus.  Biochem.  and  Biophys,  Res.  Commun. ,  30: 
130-135,  Jan.  25,  1968. 
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1.  Microbiology 

2.  Bacterial  Structure  &  Function 

3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  1967  through  June  30,  1968 

Project  Title:  Studies  of  the  Genetics  of  Streptococci 

Previous  Serial  Number:     Same 

Principal  Investigators:    Carmen  G.  Leonard,  Alba  E.  Colon,  and 

Roger  M.  Cole 


Other  Investigators: 
Cooperating  Units: 
Man  Years: 


None 
None 


NIAID         Other  NIH 

Lab.  Staff    Personnel   Guest  Workers     TOTAL 
Assigned 

0  36/12 

0  21/12 

0  15/12 


Total 

36/12 

0 

Professional 

21/12 

9 

Other 

15/12 

0 

Project  Description: 

Objectives:    To  develop  systems  of  nucleic  acid  exchange  in 
Group  A  streptococcus,  in  order  to  do  genetic  studies  in  this  group. 

Methods  employed:   The  usual  methods  in  microbial  genetics  were 
employed.   Also,  conditions  were  developed  for  the  propagation  of 
transducing  phages,  as  well  as  the  transduction  of  Group  A  strepto- 
coccus. 

Major  findings:   This  report  presents  evidence  for  the  trans- 
duction to  streptomycin  resistance  of  Group  A  streptococcus  by 
several  phages.   To  our  knowledge,  transduction  has  not  been  reported 
previously  to  occur  in  Group  A  streptococcus.   Transduction  is  a  phage 
mediated  genetic  transfer  which  has  been  reported  to  occur  in  several 
species  of  bacteria.   Several  virulent  and  temperate  phages  were 
screened  for  their  transducing  ability  against  various  strains  of 
group  A  streptococci  of  several  serotypes,  using  the  plate  transduc- 
tion method.   Of  the  various  strains  tested  with  these  phages( strains 
56  X  188  -  Type  6,  52  X  32  -  Type  25,  60  X  303  -  nontypable,  60  X  80  - 
Type  11,  650  -  Type  1,  and  61  X  101  -  Type  12)  only  strain  61  X  101 
was  transduced. 
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Studies  on  plate  transduction  of  strain  61  X  101  by  various  phages 
propagated  on  strain  56  X  188  S^  (streptomycin-resistant),  showed  that  a 
temperate  phage,  60  X  298,  and  two  virulent  ones,  12204  and  12206,  were 
the  most  efficient  transducing  phages  under  the  conditions  tested. 

Streptomycin-resistant  colonies  grew  only  from  the  samples  which  con- 
tained recipient  cells  and  phages  grown  on  56  X  188  S^,  indicating  that 
transduction  had  occurred.   The  number  of  transductants  found  was  propor- 
tional to  the  amount  of  phage  added.   The  highest  efficiency  of  transduc- 
tion obtained  to  date  has  been  3.4  x  10"^  per  PFU.   In  all,  22  preparations 
of  phage  12204  (propagation  in  56  X  188  S^)  have  been  tested  and  all  have 
transduced  strain  61  X  101. 

Additional  proof  that  this  genetic  transfer  is  mediated  by  phage  and 
is  indeed  transduction  was  obtained  by  the  addition  of  deoxyribonuclease 
to  the  transducing  system.   No  inhibition  of  the  number  of  colonies  was 
obtained  indicating  that  free  DNA  was  not  involved  and  therefore  it  was  not 
transformation.   On  the  other  hand,  the  addition  of  antiserum  to  phage  in- 
hibited this  genetic  transfer,  as  well  as  plaque  formation. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

We  were  the  first  to  obtain  transduction,  a  system  of  genetic  ex- 
change, in  Group  A  streptococcus.   The  availability  now  of  a  transducing 
system  makes  feasible  genetic  studies  on  virulence  factors  such  as  M 
protein,  capsules,  and  also  of  many  other  antigens  and  properties  of 
these  organisms. 

We  have  transduced  Group  A  streptococcus  with  both  temperate  and 
virulent  phages.   As  a  rule,  virulent  phages  are  poor  transducers.   These 
findings  suggest  that  exchange  of  genetic  information  in  this  group  of 
organisms  may  occur  in  nature  with  high  frequency. 

Proposed  course: 

We  are  now  engaged  in  efforts  to  transduce  M  protein  and  other  anti- 
gens from  one  strain  of  Group  A  streptococcus  to  another.   Such  studies 
will  give  us  a  better  understanding  of  the  genetics  and  virulence  of 
Group  A  streptococci. 

Honors  and  Awards:  None 

Publications: 


Leonard,  C.  Gomez,  Colon,  Alba  E.,  and  Cole,  Roger  M. :   Trans- 
duction in  Group  A  Streptococcus.   Biochem.  and  Biophys.  Res. 
Comm,  30:  130-135,  Jan.  25,  1968. 
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1.  Microbiology 

2.  Bacterial  Structure  &  Function 

3.  Bethesda,  Md. 

PHS-NIH 
Individual  Project  Report 
July  1,  1967  through  June  30,  1968. 

Project  Title:  Studies  on  the  Identification  of  Bacterial 

L-Forms. 

Previous  Serial  Number:    None  J 

Principal  Investigators:   James  R.  King,  Theodore  S.  Theodore,  Roger  M.  Cole 

Other  Investigators:      None 


Guest  Workers     TOTAL 


Man  Years 

NIAID 

Other  NIH 

Lab.  Staff 

Personnel 
Assigned 

Total 

21/12 

0 

Professional 

14/12 

0 

Other 

7/12 

0 

0  21/12 

0  14/12 

0  7/12 

Project  description: 

Objectives:    To  develop  methods  which  may  be  applicable  to  both 
clinical  and  basic  research  studies  for  the  identification  of  bacterial 
L- forms. 

Methods:  Routine  bacterial  and  cultural  procedures;  chemical  extrac- 
tion procedures;  polyacrylamide  gel  electrophoresis  and  analyses  by  densi- 
tometry. 

Major  findings:   In  the  past  year  several  reports  have  appeared  sug- 
gesting the  use  of  polyacrylamide  gel  electrophoresis  for  the  identification 
of  microorganisms,  mainly  Mycoplasma  species.   This  method  is  based  upon  the 
separation  of  membrane  proteins.   We  have  modified  this  method  to  make  it 
suitable  for  the  identification  of  bacterial  L-forms.   L-forms  were  lysed 
by  repeated  washings  in  distilled  water.   The  remaining  membrane  proteins 
were  extracted  with  phenol-acetic  acid.   Samples  of  these  extracts  were  sub- 
jected to  electrophoresis  under  acid  conditions,  and  the  resulting  band  pat- 
terns were  observed.   L-forms  from  Proteus,  Streptococcus,  Staphylococcus, 
and  Streptobacillus  gave  protein  profiles  which  were  specific  for  each  genus. 
Differences  among  strains  within  genera  were  questionable,  but  further  work 
is  underway  to  elucidate  strain  differences.   In  some  cases,  electrophoretic 
patterns  from  L-forms  were  comparable  to  the  known  parent  bacterial  forms.  A 
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portion  of  this  work  is  being  presented  at  the  American  Society  for  Micro- 
biology, Detroit,  Michigan,  May  5,  1968. 

Significance  to  Biomedical  Research  and  the  Program  of  the 
Institute: 

In  the  past  there  have  been  no  rapid  economical  methods  for  the  iden- 
tification of  L-forms  or  transitional  forms  isolated  from  some  chronic  and 
acute  diseases.   Disc  electrophoresis  may  be  used  within  a  few  days  after 
isolation  and  cultivation  of  L-forms  in  broth.   This  excludes  the  necessity 
for  expensive  and  lengthy  procedures  such  as  preparing  antisera  or  radioac- 
tively  labelled  DNA  for  DNA-DNA  hybridization  studies.   Furthermore,  in  many 
instances  it  may  be  possible  to  relate  the  L-form  or  transitional  form  di- 
rectly to  known  bacterial  forms  by  disc  electrophoresis. 

Proposed  course: 

A  survey  by  these  methods,  of  different  bacterial  L-forms  and  their 
possible  relationship  to  the  parent  strains,  is  underway. 

Honors  and  Awards: 

None 

Publications: 

None 
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1.  Microbiology 

2.  Mycology  Section 

3.  Bethesda,  Maryland 


PHS  -  NIH 

Individual  Project  Report 

July  1,  1967  throu^  June  30,  19^8 

Project  Title:  Maintenance  of  stock  culture  collection. 


Previous  Serial  No: 

Sane 

Principal  Investigator 

: 

John  W.  Brandsberg 

Other  Investigator: 

Wlllard  R.  Piggott 

Cooperating  Iftiits: 

None 

Man  years: 

NIAID 

Lab.  Staff 
V12 
1/12 
3/12 

Other  NIH   Guest 
Personnel   Workers 

TOTAL 

Total: 

Professional: 

Other: 

4/12 
1/12 
3/12 

Project  Description: 

Objectives : 

To  preseive  a  collection  of  representative  pathogenic  fungi  for  refer- 
ence and  experimental  purposes. 

Methods  Enjployed: 

Fungi  which  survive  lyophil ization  are  preserved  by  that  means.  Others 
are  either  stored  at  reduced  temperatures  or  are  transferred  frequently  to 
ensure  their  survival. 

Major  Findings; 

Many  of  the  fuxagi  axe  being  kept  by  one  or  more  of  the  means  requiring 
infrequent  transfer.  A  total  of  920  cultures  are  carried  in  the  lyophilized 
state  and  U83  are  maintained  by  other  means.  Many  members  of  the  latter 
group  will  be  lyophilized  and  will  no  longer  be  maintained  by  other  means. 

A  form  has  been  devised  to  eliminate  duplication  of  records  and  is  cxu*- 
rently  being  implemented. 

Significance  to  biomedieal  research  and  the  program  of  the  Institute: 

Ready  availability  of  various  fungi  for  study  and  reference  purposes  are 
an  essential  adjunct  to  mycological  research.  Cultures  are  frequently  re- 
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quested  "by  other  workers  for  use  in  their  i^search.  Some  of  these  are  not 
available  elsewhere. 

Proposed  Course  of  Project; 

The  project  will  be  continued  with  more  emjiiasis  on  lyophilized  stocks. 
New  cultures  for  which  a  future  need  is  anticipated  will  be  added  on  occa- 
sion. 

Honors  and  Awards: 

Ncme 
Publications : 

N<^e 
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1.  Microbiology 

2.  Mycology  Section 

3.  Bethesda,  Maryland 
PHS  -  NIH 

Ijidlvldual  Project  Report 
July  1,  1967  throu^i  June  30,  1968 

Project  Title:  Ecological  Studies  of  Histoplasaa  capaulatim. 

Previous  SericuL  Number:        Same 

Principeil  Investigator:        John  W.  Brandsberg 

Other  Investigators:  Robert  J.  Weeks* 

Cooperating  Uhits:  *Ccnmunlcable  Disease  Center,  Kansas  City^Pleld 
Station  Secticai,  Medical  Mycology  Laboratory. 

Man  Years: 

NIAID  Other  NIH  Quest  TOSAL 

Lab.  Staff  Personnel  Workers 

Total:           16/12        -  -  15/12 

Professional:      9/12        -  -  9/l2 

Other:           7/l2        -  -  7/l2 

Project  Description: 

Objectives: 

To  detezmlne  similarities  and.  differences  in  the  fungus  floras  of 
soils  infested  with  H.  capsulatum  and  similar  but  non-infested  soils. 

Methods  Enployed; 

Soil  sas^les  are  collected  in  areas  known  to  be  infested  with  H.  capsu- 
latxaa.  As  many  as  possible  of  the  fungi  present  were  isolated  by  ineans  of   _ 
direct  and  animal  passage  isolation  techniques.  The  fungi  are  identified    ' 
and  tabulated  in  ozxier  to  compare  the  iqycofloras  of  infested  and  non-infested 
areas  in  the  same  site. 

Four  sites  have  been  studied  thus  far:  (l)  a  former  home-site  near   f 
Clarksburg,  Maryland;  (2)  an  active  bird  roost  near  Carruthersville, 
Missouri;  (3)  an  inactive  bird  roost  near  Essex,  Missouri;  and  (h)   an  inac- 
tive roost  near  Dexter,  Missouri.  AH  except  #3  have  been  shewn  to  harbor 
H.  capsulatum.  Six  series  of  soil  samples  from  the  daiksburg  site  and 
tiiree  eew^  from  the  Missouri  locations  have  been  studied. 

Major  Plndings: 

A  total  of  138  species  of  fungi  were  Isolated  at  Clarksburg  and  151 
were  Isolated  from  the  itLssourl  sites.  Obese  include  two  fungi  \Aich,  while 
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they  do  not  appear  to  Tje  pathogens,  survive  for  Icmg  periods  when  inoculated 
l.v.  into  laboratory  animals.  Both  of  these  have  been  the  object  of  further 
study.  A  fungus  isolated  at  one  of  the  Missouri  sites  is  apparently  new  to 
taxonony  and  will  be  described  as  a  new  genus. 

Data  collected  during  these  studies  indicate  that  H.  capsriLatum  is  a 
vigorous  competitor  once  it  becomes  established.  There'was  generally  a 
greater  variety  of  fungi  present  where  H.  CEg>sulatum  could  be  isolated.  The 
presence  of  vigorous  competitors  and  antagonistic  fungi  84>pear  to  have  little 
effect  regarding  the  distribution  of  this  fungus.  When  8  organisms  which 
had  shown  an  ability  to  inhibit  H.  csg)sulattnn  in  vitro  were  added  to  steril- 
ized soil  cultures  in  which  H.  eapsulatum  had  been  allowed  to  become  estab- 
lished, there  was  no  evidence  of  inhibition. 

Vertical  distribution  of  H.  eapsulatum  is  restricted  to  the  surface 
soil  at  most  sites,  but  the  organism  was  repeatedly  isolated  at  depths  to 
15  inches  at  CarruthersviUe,  Mo.  This  indicates  that  vertical  distribution 
of  the  fungus  may  vary  considerably  under  certain  conditions. 

SLgiificance  to  biomedical  research  and  the  program  of  the  Institute; 

Basic  ecological  studies  of  this  sort  are  essential  for  the  establish- 
ment of  workable  eradication  or  ccaitrol  lasasures  and  add  to  the  general  fund 
of  knowledge  aregarding  this  and  other  pathogenic  fungi. 

Proposed  course  of  the  project; 

It  is  hoped  that  these  studies  can  be  continued  at  other  sites  which 
differ  with  respect  to  soil  type  and  other  variables. 

Honors  and  Awards; 

None 

Publications: 

Brandsberg,  J.  W.  and  Willard  Piggott  (1968).  A  sinple  device  for  col- 
lecting soil  cores  for  microbiological  studies.  Mycologia.  6O:  In  press. 

Brandsberg,  J.  W.  (1968).  A  study  of  some  fungi  found  in  association 
with  Histoplasma  eapsulatum  in  a  naturally  infested  site.  I.  Clarksburg, 
Maiyland.  Sabouraudla.  6;  In  press. 
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1.  Microbiology 

2.  Mycology  Section 

3.  Bethesda^  Maryland 

IHS  -  NIH 

Individual  Project  Report 

July  1,  1967  throu^  June  30,  1968 

Project  Title:  Development  of  a  selective  medivm  for  the  direct  isolation 
of  Histoplasma  capsTilatum  from  soil. 


Previous  Serial  Number: 

Saiae 

Principal  Investigator: 

John  W.  Brandsberg 

Other  Investigators: 

WLllard  R.  Piggott 

Cooperating  Uhits: 

None 

Man  Years: 

NIAID 

Other  NIH    Guest 

TOTAL 

Lab.  i 
0 

5taff    Personnel   Workers 

Total: 

0 

Professional: 

0 

- 

0 

Other: 

0 

- 

0 

Project  Description: 

Objectives: 

To  develop  a  medium  which  would  permit  the  isolation  of  H.  capstilatum 
from  soil  and  other  materials  without  resorting  to  the  costly  and  time  con- 
suming animal  passage  techniques. 

Methods  Enrployed: 

No  work  has  been  done  on  this  project  during  the  past  year. 

Major  Findings: 

None  of  the  antifungal  agents  used  thus  far  are  sufficiently  selective 
to  enable  direct  isolation  of  H.  capsulatum  on  our  culture  media. 

Significance  to  bio-medical  research  and  the  program  of  the  Institute: 

H.  capsulatum  is  still  being  isolated  by  the  animal  inoculation  tech- 
nique. A  truly  selective  medium  would  be  a  very  useful  tool  for  epidemio- 
logical and  ecological  studies. 

Proposed  Course  of  the  Project: 

Suggest  that  it  be  discontinued. 

6h 


Serial  No.  NIAID  7T-B 


Honors  and  Awards: 

None 
Publications: 

None 
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1.  Microbiology 

2.  Mycology  Section 

3.  Bethesda,  Maryland 

PHS  -  NIH 

Individual  Project  Report 

July  1,  1967  throu^  June  30,  1968 

Project  Title:  Fungi  which  persist  in  tissues  of  animals  used  for  the  iso- 
lation of  pathogenic  fungi. 

Previous  Serial  Nuniber:        None 


Principal  Investigator: 

John  W.  Brandsherg 

Other  Investigators: 

wmiwn  Tl.  Hill. 

Cooperating  Uhits: 

Ncme 

Man  Years: 

NIAID  Other  NIH 
Lah.  Staff  Personnel 
10/1^ 

2/12 

8/12 

Guest 
Workers 

TOTAL 

Total: 

Professional: 

Other: 

10/12 
2/12 
8/12 

Project  Description: 

Objectives: 

To  determine  pathogenicity  of  fungi  (other  than  those  known  to  produce 
systemic  disease)  '«diich  survive  peissage  throu£^  animals  used  to  isolate 
Bystemics  from  soil  and  other  contaminated  materials. 

Methods  aig>loyed: 

Variovis  laboratory  animals  have  been  injected  vith  suspensions  of  the 
spores  of  fungi  isolated  from  mice  injected  with  soil  suspensions.  The 
animals  were  sacrificed  at  appropriate  intervals  and  tissues  have  been 
studied  by  c\iLture  and  histological  methods.  An  effort  was  made  to  determLne 
how  long  the  fungus  survives  in  the  tissues  and  what  morphological  changes 
occur  in  either  the  test  aninw-i  or  the  fungus.  Serological  tests  have  been 
done  in  certain  cases  to  determLne  if  there  are  cross-reactions  to  antigens 
used  for  detection  of  other  mycotic  infections. 

Major  PLndings: 

Two  fungi  have  been  studied  which  can  be  isolated  from  the  tissues  of 
several  laboratory  animals  more  than  60  days  following  i.v.  injection  of 
suspensions  of  their  spores.  Neither  have  been  shown  to  cause  pathological 
changes  in  the  organs  of  these  animals  and  it  is  not  known  in  what  form  these 
fungi  survive.  One  of  these,  Mojrtierella  nana,  which  is  noiBjaHy  a  mycelial 
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Phycancrcete,  grows  In  a  yeast-like  phase  on  initial  isolation  from  ftnirnnl 
tissues,  tut  has  not  been  seen  in  that  form  in  tissues.  Atteng)ts  to  induce 
conversion  in  vitro  have  not  "been  successful.  Bie  other  fungus  under  study, 
Pycnidiophora  dispersa,  an  Ascomycete,  does  not  appear  to  be  diphasic. 

Both  elicit  strong  and  apparently  specific  skin  test  reactivity  in 
rabbits  and  guinea  pigs.  Animals  injected  with  P.  dispersa  show  a  false 
positive  reaction  to  histoplasmin  which  fades  a-tter  46  hrs.  Sera  from  ani- 
mals injected  with  either  fungus  demonstrate  some  serological  cross  reactiv- 
ity with  H.  capsulatum  with  the  complement  fixation  test. 

Significance  to  biomedical  research  and  the  program  of  the  Institute; 

Vailous  fungi  are  isolated  from  clinical  specimens  of  patients  suspected 
of  having  mycotic  disease.  Most  of  these  are  routinely  regeirded  as  contam- 
inants and  are  discarded.  This  type  of  investigation  may  reveal  potential 
pathogenicity  of  fungi  which  would  otherwise  be  overlooked. 

Proposed  Course  of  the  Project: 

To  continue  investigations  of  "promising"  fungi  as  they  are  found. 
Honors  and  Awards: 

None 
Publications: 

None 
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1.  Microbiology 

2.  Mycology  Section 

3.  Bethesda,  Maryland 

ras  -  NIH 

Individual  Project  Report 

July  1,  1967  throu^  June  30,  1968 

Project  Title:  Genetic  Studies  on  the  Heterothallic  Dennatophytes. 

Previous  Serial  Number:        Same 


Principal  liivestigator 

: 

IQmng  Joo  Kwon-Chung 

Other  Investigators: 

None 

Cooperating  Uhits: 

None 

Man  Years: 

NIAID 

Other  NIH 

Guest 

TOTAL 

Lab.  Staff 
8/12 
6/12 
2/12 

Personnel 

Workers 

Total: 

Professional: 

Other: 

8/12 
6/12 
2/12 

Project  Description: 

Objectives: 

To  study  the  sexual  mechanism  in  heterothallic  dermatophytes  and  to 
test  the  immunologic  difference  between  strains  of  two  opposite  mating  types. 

Methods  Employed: 

Strains  of  Nannlzzia  incurvata,  +  and  -  type  were  used.  Soil  extract- 
hair  agar  medium  was  used  to  observe  sexual  mechanism.  Plasks  of 
Sabouraud's  broth  medium  were  Inoculated  with  spores  of  each  tester  strain 
and  incubated  for  5  weeks  on  shaker  at  room  temperature.  Culture  filtrates 
were  obtained  after  ^,   15  and  28  days  to  test  the  hormonal  effects  on  sexual 
reproduction.  The  cell-free  c\ilttu:e  filtrates  were  added  to  the  cultvtre  of 
opposite  mating  type  growing  on  soil  extract  hair  agar.  Liquid  cxiltures  of 
the  two  tester  strains  and  of  10  Fi  progeny  (5  +  type,  5  -  type)  were  used 
to  prepare  antigen.  The  clear  culture  filtrates  and  mycelial  extracts  were 
obtained  after  5  weeks  incubation  on  shaker.  For  the  preparation  of  anti- 
serum one  ml  of  each  antigen  was  injected  intravenously  in  a  rabbit  3  times 
for  the  first  week,  and  then  the  dose  was  increased  to  1. 5  ml  per  dose  for 
tlae  remaining  k  weeks.  Antigen-antibody  reactivity  was  tested  by  immuno- 
diffusion in  agar. 

Major  Findings: 

Sexual  mechanism:  Ohe  female  and  male  sex  organs  are  initiated  simul- 
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taneously  by  contact  of  two  opposite  mating  strains.  An  antheridium  in  most 
cases  arises  from  narrow  hyphae  while  an  6iscogonlal  coil  develops  from  wide 
hyphae.  Ihe  ascogonial  coil  wraps  about  the  antheridium  6  to  8  times. 
Initiation  of  coiling  is  inhibited  by  exposing  to  intensive  li^t.  After 
the  1st  txjm  is  ccorpleted,  however,  ll^t  has  no  effect  on  the  formation  of 
either  sex  organ.  When  a  culture  filtrate  of  one  mating  type  is  added  to 
the  culture  of  the  opposite  mating  type  growing  on  soil  extract  agar,  the 
male  organ  (antheridlim)  alone  is  produced.  QJie  antheridium  produces  abun- 
dant fine  branches  and  forms  cleistothecial-like  structures.  This  indicates 
that  the  substance  stimulating  the  formation  of  the  male  organ  is  extracel- 
lular, while  that  for  female  organ  is  not.  Such  physiological  stimulation 
was  obtained  from  15  and  28  day  old  culture  filtrates  but  not  from  5  day 
culture  filtrate.  Mycelial  extracts  gave  no  such  reaction. 

iBimmological  differences:  Ihe  double  diffusion  precipitin  test  util- 
izing antigens  prepared  with  culture  filtrates  of  the  strains  of  both  mating 
types  demonstrated  that  +  tester  strain  possesses  antigenic  fraction  not 
present  in  -  tester  strain  and  that  -  tester  strain  possesses  an  antigenic 
fraction  not  present  in  +  tester  strain.  These  differences  in  antigenic 
specificity  cannot,  however,  be  attributable  to  the  mating  type  locus,  since 
the  difference  was  not  clear  between  F,  progeny  of  both  mating  types. 

Sigiificance  to  bio-medical  research  and  the  pi-ogram  of  the  Institute; 

Ihe  diversity  of  the  sexual  processes  among  the  fungi  has  been  for  the 
last  several  decades  one  of  the  more  intriguing  and  more  intensively  inves- 
tigated aspects  of  the  group.  Dae  sexual  processes  have  not  been  Imown, 
however,  among  pathogenic  fungi  until  recently.  Discovery  of  heterothallism 
in  dermatophytes  not  only  provided  an  excellent  criteria  to  solve  taxoncmic 
confusions  but  tools  for  investigation  of  sexual  processes  in  Qymnoascaceae 
where  many  pathogenic  fungi  belong. 

Proposed  Course  of  Project; 

The  project  will  probably  terminate  at  the  termination  of  my  Fellowship 
in  1968. 

Honors  and  Awards; 

Presented  paper  entitled  "Segregation  of  two  mating  type  components  in 
heterothallic  dermatophytes"  at  the  International  Society  of  Human  and  Animal 
Mycology  in  New  Orleans,  July  31,  I96J. 

Publications: 

Kwon-Chung,  K.  J.  Studies  on  the  sexuality  of  Nannizzia.  I.  Hetero- 
thallism vs  fertile  isolates,  1967.  Sabouraudia,  65:  5-13' 

Kwon-C3iung,  K.  J.  Segregation  of  two  mating  type  components  in  colon- 
ies of  fertile  isolates  of  heterothallic  dermatophytes,  1967.  Sabouraudia 
6;  37-^1- 
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1.  Microbiology 

2.  Viycology  Section 

3.  Bethesda,  Maryland 

IBS  -  NIH 

Individual  Project  Report 

JUly  1,  1967  through  Jvme  30,  1968 

Project  Title:  Search  for  the  perfect  stage  of  Blastomyces  dermatitidis 


Previous  Serial  Number: 

Sane 

Principal  Investigator: 

IQrucg  Joo  Kwon-Chung 

Other  Investigators: 

None 

Cooperating  Uhits: 

None 

Man  Years: 

NIAID 

Other  NIH 

Guest 

TOTAL 

Lab 

.  Staff 
0 

Personnel 

Woriters 

Total: 

0 

Professional: 

0 

- 

- 

0 

Other: 

0 

- 

- 

0 

Project  Description: 

Objectives: 

To  study  the  possible  occurrence  of  the  sexual  stage  of  Blast anprces 
dermatitidis,  which  is  the  causative  organism  of  North  American  blastcsnyco- 
sis. 

Methods  Qig)loyed: 

Various  nycologlcal  laboratory  media  containing  low  percentage  of  sugar 
were  used.  Strains  of  Blastonyces  dermatitidis  were  allowed  to  grow  on  the 
agar  medium  in  the  dark  for  ^-6  weeks  at  25-27°C  and  BO^C  All  possible 
crosses  were  also  made  between  different  strains. 

Major  Findings; 

No  work  was  done  on  this  project  this  year. 

Significance  to  biomedical  research  and  the  program  of  the  Institute: 

Various  isolates  of  Blastomyces  dermatitidis  often  show  atypical  morph- 
ology which  presents  a  puz7.1 1  ng  situation  for  the  correct  identification. 
The  uraiax  al  structures  found  in  the  present  study  will  serve  as  a  criterion 
for  identification  of  atj^ical  strains  of  Blastomyces  deimatitidis.  Hie 
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clelstotheclal-l IKe  structxires  also  indicate  the  close  relationship  of 
this  fungi  with  the  members  of  G^nmioascaceae  in  Ascomycetes.  ISxis   is  an 
interesting  observation  because  most  pathogenic  fungi  \diich  have  a  sexual 
state  belong:  to  Gymnoascaceae. 

Proposed  co\u:8e  of  project: 

It  is  proposed  that  this  project  he  discontinued. 
Honors  and  Awards: 

None 
Publications: 

None 
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1.  Microbiology 

2.  Mycology  Section 

3.  Bethesda,  Maryland 

PHS  -  NIH 

Individual  Project  Report 

July  1,  1967  throu^  June  30,  1968 

Project  Title:  Studies  on  the  fungi  causing  histoplasmosis. 

Previous  Serial  Number:  None 

Principal  Investigator:  Kjomg  Joo  Kwon-Chimg 

Other  Investigators:  None 

Cooperating  Itoits;  None 

Man  Years:             NIAID  Other  NIH  Guest  TOTAL 

Lab.  Staff  Personnel  Workers 

Total:              8/12  -         -  "8/12 

Professional:         6/l2  -         -  6/l2 

Other:              2/l2  -         -  2/l2 

Project  Description: 

Objectives: 

To  clarify  the  recent  report  that  Qymnoascus  demonbreunii  is  the 
sexual  state  of  Histoplasma  capsulatum;  to  study  the  relationship  between 
the  morphologic  variations  within  strains  in  vitro  at  37°C  and  in  vivo  of 
H.  capsulatum  and  H.  duboisii. 

Methods  Ens>loyed: 

1)  All  strains  of  G.  demonbreunii  placed  at  American  Type  Culture  Col- 
lection and  Centraalbureau  voor  Schininelcultures  were  obtained.  Ihese 
strains  were  purified  by  isolating  single  ascospores  using  micromanipulator. 
Various  mycological  media  were  used  to  study  the  morphology  and  cultural 
characteristics  at  3T°C  and  25°C.  Heavy  mycelial  suspensions  of  each  strain 
were  injected  into  mice  intraperitoneally  and  intravenously.  Die  mice  were 
autopsied  at  various  time  intervals  and  portions  of  liver,  spleen,  abscess 
were  minced  aseptic  ally  and  spread  on  brain-heart -infusion  agar  and  blood- 
cystine-glucose  agar  to  recover  the  fungi.  Die  rest  of  the  tissues  were 
fixed,  embedded  in  pai-affin,  sectioned  and  stained  with  periodic  acid-Schiff 
stain  (pas)  and  with  Gomori  methenamine- silver  stain  (CMS).  Test  for  gela- 
tin hydiXDlysis  was  also  made  rising  155^  gelatin  plates. 

2)  Mycelial  suspensions  of  several  strains  of  Histoplasma  duboisii  and 
H.  capsulatvmi  were  injected  into  mice  intravenously  and  into  guinea  pigs 
intratestically.  The  mice  and  guinea  pigs  were  autopsied  after  3  weeks  and 
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portions  of  liver,  Ixmg  and  spleen  from  mice  and  testis  from  guinea  pigs 
were  minced  aseptically,  spread  on  brain-hesirt-infusion  agar,  then  incubated 
at  37^  for  10  days.  Several  morphologically  distinct  fungal  colonies  were 
recovered  from  each  strain.  These  were  purified  by  isolation  of  single 
cell  or  hyphal  fragments  and  used  to  ccin?)are  the  morphology  in  tissue  phase. 
Each  of  the  purified  cultures  were  injected  into  mice  and  guinea  pigs,  sac- 
rificed after  5,  15  and  28  days.  Ussues  from  the  animals  were  sectioned 
and  stained. 

Major  Findings; 

1)  Repeated  ejcperimentation  with  strains  of  G.  demonbretmil  failed  to 
show  any  evidence  that  ELstoplasma  capsulatum  is  the  iTssperfeot  state  of  the 
species.  G.  demonbreunii  does  not  tolerate  37°C  in  vitro  and  is  not  patho- 
genic. 

Ttils   fungus  does  not  convert  to  yeast  phase  in  tissue  or  in  vitro  at 
37*^C  on  BCG  agar,  while  H.  capsulatum  does.  G.  demonbreunii  produce  asco- 
carps  on  various  conventional  media,  whereas,  not  in  H.  capsulatum.  Histo- 
plasma  capsulatum  converts  to  the  jreast  form  in  tissue  while  G.  demonbreunii, 
althou^  not  pathogenic ,  remains  in  n^elial  form.  G.  demonbreunii  hydroly- 
ses  gelatin  within  10  days  while  H.  capsrilatum  does  not  as  long  as  6  weeks. 
One  of  7  G.  dononbretmii  strains  obtained  was  found  to  be  a  adxed  culture  of 
both  species,  indicatisag  that  the  original  author  worked  with  mixed  ci:iltures. 
Bie  two  species  were  readily  purified  by  isolating  single  spores  from  both 
kinds.  The  rest  of  the  6  strains  did  not  contain  H.  capstilatum.  It  was 
speculated  that  H.  capsulatum  was  eliminated  during  subculturing,  since  the 
sporulation  rate  of  this  fungus  is  considerably  slower  than  G.  demonbreunii . 

2)  Three  different  types  of  colony  were  obtained  from  minced  tissues 
of  animals  injected  with  H.  duboisii,  incubated  at  37  C  on  HH  agar:  «) 
fluffy  n^^elial  foim  with  coremium;  b)  large  globose  (7-12ja)  yeast  type;  and 
c)  small  oval  (3-5m.)  yeast  forms  resembling  H.  capsulatum.  These  three  types 
produced  identical  tissue  form,  the  majority  of  them  (3-5|J.)  indistinguishable 
from  H.  capsulatum  at  5-day  post-inoctilaticai.  About  50^  of  yeast  cells, 
however,  were  converted  to  giant  form  with  thick  wall  at  15  days  post  injec- 
tion. Approximately  80f&  of  the  yeast  population  in  tissues  were  of  giant 
foim  at  28  day  post  injection. 

Three  different  types  of  colony  were  obtained  from  a  H.  capstilatum 
strain  at  37°C.  ffiiey  were  a)  filamentous  type,  b)  large  ^obose  yeast  form 
and  c)  small  oval,  typical  yeast  form  (3-5^-).  Biese  three  types  produced 
identical  yeast  cells  in  tissues  of  animals  sacrificed  5?  l6  and  28  days 
postinoculations.  These  results  indicate  that  regardless  of  morphologic 
variance  in  viti'o,  tissue  foims  are  consistent  among  strains  in  the  two 
Histoplasma  species. 

Sigilficance  to  biomedical  research  and  the  program  of  the  Institute; 

l)  Erroneus  description  of  G.  demonbreunii  as  the  sexual  state  of  H. 
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capstLLatum  by  AJello  et  ^  placed  H.  capsulatum  in  Gyimoaacaceae,  Ascany- 
cetes.  !£Ee  presezrt  study  refutes  ^e  designation  and  el  Imt  nates  the  taxo- 
nciHlc  confusion  between  the  two  orgaBlams. 

2)  She  morphology  of  the  ^  vivo  yeast  form  ajnoog  strains  of  H.  cap- 
sulatum Is  consistent  regardless  of  the  morphological  variance  In  vitro. 
HbXs   Is  also  found  to  be  true  In  H.  dubolsli ,  siippoirting  Vanbreuse^^em'  s 
claim  that  H.  dubolsli  causing  Af^can  histoplasmosis  is  a  different  species 
from  H.  capsulatum  causing  classical  form  of  histoplasmosis. 

Proposed  course  of  project; 

Oie  project  will  continue  xmtil  termination  of  qy  fellowship  in  I969. 
Honors  and  Awards: 

None 

Publications; 

Kwcn-Chung^  K.  J.  Qymnoascus  demonbreunii  AJeUo  and  Cheng:  Evidence 
that  it  is  not  the  perfect  state  of  ^stoplasma  capsulatum  HayUng  1968. 
Sabouraudla  (in  press). 
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1 .  Microbiology 

2.  Medical  Mycology 

3.  Bethesda,  Maryland 

PHS  -  KIH 

Individual  Project  Report 

JtOy  1,  1967  throtigh  June  30,  1968 

Project  Title:  Experimental  Therapy  of  Mycoses 

Previous  Serial  Number:        Same 

Principal  Investigator:        George  W.  Lones 

Other  Investigators:  *BenJand.n  Erescott 

Cooperating  Ubits:    ^Bacterial  Structure  and  Function  Section,  IM-NIAID-64A 

Man  Years:           KIAID  Other  NIH  Guest  TOTAL 

Lab.   Staff  Personnel  Workers 

Total:             16/12"'        -         -  16/12 

Professional:       6/l2         -         -  6/l2 

Other:             10/l2         -         -  10/l2 

Project  Description: 

Objectives: 

To  test  the  toxicity  and  efficacy  of  new  antibiotics  and  chemicals 
against  experimental  mycoses  in  mice  and  other  animals  and  to  investigate 
such  drugs  preliminary  to  clinical  trials.  To  seek  synergistic  and  addi- 
tive effects  in  combinations  of  antlraycotic  drugs  and  antibiotics. 

Methods  Engloyed: 

Over  a  period  of  several  years  a  standard  method  of  testing  drugs  in 
mice  which  is  efficient  and  infonnative  has  been  developed.  Mice  are  in- 
fected intravenously  with  a  carefully  estimated  infectious  dose  of  fungus 
cells  which  kills  control  (untreated)  mice  in  lU-21  days.  Treatment  is 
begun  on  the  third  post-infection  day  and  treated  mice  are  given  the  test 
drugs  at  dose  levels  up  to  tolerance.  Effectiveness  of  the  drug  is  meas- 
ured in  terms  of  its  ability  to  delay  or  prevent  death.  At  the  termination 
of  the  test,  the  effectiveness  is  further  measxired  by  its  ability  to  clear 
tissues  of  the  pathogenic  fungus  in  tjreated  mice  which  have  survived  the 
experiment.  Drugs  and  antibiotics  are  obtained  ftrom  various  sources  after 
the  contributor  has  supplied  evidence  of  alleged  or  probable  efficacy.  Dr. 
Benjamin  Prescott  has  synthesized  drugs  of  series  which  have  for  various 
reasons  offered  promise  of  usefulness. 
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Major  Findings; 

A  new  blended  lot  of  saramjrcetin  submitted  lay  the  National  Cancer 
Institute  was  tested  in  vitro  and  in  vivo  for  potency  before  release  to 
the  Veterans  Adaiini  strati  on  for  clinical  studies.  An  anticandida  agent, 
NSC87982,  sulanitted  by  the  Nattonal  Cancer  Institute  was  not  effective  in 
experimental  candidiasis  in  mice.  A  small  amoimt  of  ascoiaycin,  a  new 
antibiotic,  was  received  frc«n  Dr.  Tadashl  Aral  of  Chiba  Uhiversity,  Japan. 
In  one  experiment,  limited  by  the  amount  of  antibiotic  available,  asccmy- 
cin  was  not  effective  in  treatment  of  experimental  blastomycosis  in  mice. 

Forty-five  compounds  prepared  by  Dr.  Prescott  were  submitted  to  anti- 
fungal testing.  In  vitro  tests  with  H.  capsulatum  and  C.  neoformans  indi- 
cated that  some  activity  against  H.  capsulatum  was  exhibited  by  6  compounds, 
but  none  inhibited  C.  neoformans .  Two  of  the  6  compounds  were  selected  for 
evalxiation  in  experionental  histoplasmosis  in  mice.  Neither  exhibited  ther- 
apeutic activity. 

Hhe  studies  with  the  antifungal  antibiotic  neoheptaene  have  been  com- 
pleted. Preliminary  results  we  reported  esirlier  have  been  confirmed.  Neo- 
heptaene possesses  sigiificant  therapeutic  activity  in  experimental  histo- 
plasmosis and  blastoBaycosis.  It  was  approximately  as  effective  as  aarpho- 
tericin  B  in  extending  the  survival  time  of  mice  infected  with  C.  neoformans 
but  did  not  prevent  death  during  the  experimental  period.  No  significant 
effect  could  be  demonstrated  in  coccidioidomycosis.  Since  neoheptaene  is 
more  toxic  than  amphotericin  B,  it  seems  unlikely  at  this  time  that  it  will 
prove  to  be  a  useful  drug. 

Significance  to  bio-medical  research  and  the  program  of  the  Institute; 

Angjhotericin  B  and  hamycin  axe  the  only  antimycotic  antibiotics  now 
generally  available  and  they  are  quite  toxic.  It  is  essential  to  encourage 
the  discovery  and  the  development  of  new  therapeutic  agents  for  the  systemic 
mycoses . 

Proposed  course  of  Project; 

Bie  project  will  be  continued. 
Honors  and  Awards: 

None 
Publications ; 

NCMie 
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1 .  Microbiology 

2.  Medical  Mycology 

3.  Bethesda,  Maryland 

PHS  -  NIH 

Individtial  Project  Report 

July  1,  1967  through  June  30,  1968 

Project  Title;  Studies  on  the  Biysiology  of  Cocci dloides  immitis. 

Previous  Serial  Nuniber:       Same 

Trincxpal   Investigator:       George  W.  Lones 

Other  Investigators:         None 

Cooperating  Units:  Hone 

Man  Years:           NIAID  Other  NIH  Guest  TOTAL 

Lab.  Staff  Personnel  Workers  __^_ 

Total:             23/12        -         -  23/12 

Professional:        6/l2        -         -  6/l2 

Other:             17/12        -         -  17/l2 

Project  Description: 

Objectives: 

The  biochemistry  and  metabolism  of  this  dimorjdiic  pathogen  have  been 
little  studied.  It  is  the  purpose  of  this  project  to  obtain  information  on 
the  metabolic  characteristics  of  this  fungus  and  in  particiilar  to  discover 
metabolic  differences  in  the  two  forms. 

Methods  Bnployed: 

Shake  culture  techniques  are  enrployed  to  produce  the  parasitic  and 
saprophytic  morphologic  modifications  of  several  strains  of  C.  Immitis  in 
adequate  quantities  for  examination  by  chemical  and  biochemical  techniques. 
Washed  cell  suspensions  are  used  for  respiration  studies.  Cell- free  ex- 
tracts are  prepared  by  disruption  of  the  cells  in  a  frozen  state  at  high 
pressure,  ikizymatic  activities  are  determined  by  chemical  and  biochemical 
procedures  employing  such  techniques  as  the  Warburg  apparatus,  spectropho- 
tometiy,  chramatograiday  and  ionophoresis. 

Factors  influencing  growth  rates  of  cultures  are  evaluated  by  determin- 
ing the  wei^ts  of  jaycelium  or  spherxiles  produced  under  defined  conditions. 
The  interconversion  of  the  two  fonns  is  studied  by  direct  microscopic  counts 
of  the  number  of  mycelial  particles  formed  in  spherule  cult\xres.  The  effects 
of  temperature,  aeration,  and  growth  medium  composition  on  the  inteixionver- 
sion  process  are  studied. 
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Major  Findings; 

Recent  sttidles  have  been  directed  primarily  toward  a  better  imder- 
standing  of  the  factors  encouraging  the  reversion  of  sidierules  to  lagrceliua. 
Progress  is  haii5>ered  by  our  inability  to  produce  a  steady  siqiply  of  spher- 
ules of  a  given  strain  exhibiting  unifoxv  response  to  reversion  stimnli. 
nSiis  is  true  even  thoii^  culture  conditions  are  carefully  standardized  with 
respect  to  growth  medium,  ten^erature  and  time  of  incubation,  size  of  inoc- 
ulum, and  agitation.  Cie  optimal  tenqperature  for  the  growth  of  spherules 
is  at  or  near  36°C. ,  althou^  tenperatures  of  30°  and  26°  provide  only  a 
moderate  stimulus  to  reversion.  A  temperature  of  UcP,   while  discouraging 
developBtant  of  vycellvm,   z>esults  in  a  gradual  deterioration  of  spherules  on 
continued  serial  transfer.  It  was  shown  earlier  that  reduction  of  size  of 
inoculum  in  shake  cultures  provides  a  reversion  stimulus  which  is  reversible, 
at  leeuBt  in  pazt,  l^  increased  OOp  tension.  Positive  aeration  by  babbling 
has  been  found  to  provide  a  stronger  stimulus  than  dilution  and  the  rever- 
sion process  can  be  detected  in  some  spherule  suspensions  in  k  hours  or  less. 
Instrumentation  is  now  being  developed  to  provide  for  controlled  aeratlcoi 
with  gas  mixtures  to  which  the  amounts  of  nitrogen,  oxygen  and  carbon  dioxide 
can  be  Independently  varied. 

!Die  effect  of  normal  human  serum  cm  the  reverslcm  of  spherules  to  my- 
celium has  been  studied  in  greater  detail.  Dose  and  time  response  curves 
have  been  obtained.  Serum  provides  the  most  powerful  reversion  stimulus 
encountered  to  date.  !aie  effect  appears  to  require  more  than  one  caoaponent 
of  the  serum  protein  system.  A  mixture  of  serum  euLbumin,  alpha,  beta  and 
gaznaa  globulins  is  as  effective  as  whole  seruBk.  Albumin  alone  has  a  sll^t 
effect  as  does  alpha  globulin.  Beta  and  gaiaiia  globulin  have  little  or  no 
activity  alone. 

Sigiificance  to  bio-medical  research  and  the  program  of  the  Institute; 

Coccidioidoiqycosls  is  a  health  problem  in  certain  areas  of  this  country. 
Methods  available  for  the  treatment  of  the  progressive  form  of  the  disease 
are  far  from  satisfactory.  A  better  Isnowledge  of  the  causative  agent  may 
favorably  Influence  our  diagnosis,  prevention  and  treatment  of  the  infectica. 

Proposed  course  of  Project; 

Efforts  will  be  continued  to  iiqprove  the  methods  for  the  cultivation 
of  spherules  based  on  acctmnilatlng  informaticHi  on  the  effects  of  oxygen  and 
carbon  dioxide  tension,  and  other  nutxltlonal  factors.  Cie  sezum  effect 
will  be  explored  further  because  of  its  profound  effect  in  this  system  and 
its  promise  as  a  useful  tool  in  the  study  of  the  interconverslon  of  the  two 
foxms  of  the  fungus. 

Hcmors  and  Awards: 

None 
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Publications: 

Lones,   G.  W.  I96J.     Studies  of  Intermsdiary  Metabolism  in  Coccidioides 
JTipnitis.     In  Ajello,  Libero  (Bd.):     Coccidioidononcosis.      (Second  Conference 
on  Coccidioidomycosis,  Dec.,  1965).     Ihe  Iftiiversity  of  Arizona  Press,  pp. 
3^9-353. 
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1 .  Microbiology 

2.  Medical  Mycology 

3.  Bethesda,  Maryland 

PHS  -  NIH 

Individual  Project  Report 

July  1,  1967  through  Jane  30,  1968 

Project  Title:  Studies  on  the  physiology  of  Hlstoplasma  capsulatum 


Previous  Serial  Nuniber: 

SamB 

Principal  Investigator: 

George  W.  Lcaies 

Other  Investigators: 

None 

Cooi)erating  Uhits: 

None 

Man  Years: 

NIAID 

Other  NIH 

Guest 

TOTAL 

Lab 

.  Staff   Personnel 
0 

Workers 

Total: 

0 

Professional: 

0 

- 

- 

0 

Other: 

0 

- 

- 

0 

Project  Description: 

Objectives: 

Hlstoplaflma  capsulatinn  is  a  soil  saprophyte,  apparently  widely  dis- 
tributed, but  occ^irring  in  localized  foci.  An  association  of  the  fungus 
with  soil  enriched  by  bat  and  certain  bird  droppings  has  been  repeatedly 
demonstrated.  Birds  (unlike  bats)  are  not  known  to  be  infected  by  the 
fungus.  H.  capsulatum  has  frequently  been  reported  associated  with  star- 
lings, chickens  and  certain  other  birds.  It  is  not  known  whether  or  not 
there  is  a  species  specificity  with  respect  to  the  bird  H.  capsulatum  asso- 
ciation. Bie  factors  influencing  the  distilbution  of  H.  caps-ulatxaa  in 
natxire  remain  a  puzzling  problem.  An  objective  of  this  study  is  to  develop   _ 
information  that  will  contribute  to  an  understanding  of  these  factors.       ■ 

Methods  Enrployed: 

Both  field  and  laboratory  studies  are  employed.  Soil  sanrples  are  taken 
from  areas  selected  because  of  bird  or  other  animal  contamination.  The 
soils  are  examined  for  the  presence  of  H.  capsulatum  by  Injecting  washings 
of  each  into  five  mice.  After  four  weeks,  the  mice  are  killed  and  organs 
culttired  for  H.  capsulatum.  The  ability  of  a  variety  of  natural  substrates 
to  support  the  growth  and  sporulation  of  H.  capsiilatum  is  determined.  Ster- 
ile extracts  of  various  bli^i  and  animn-l  3nanures  are  prepared  by  filtration. 
Inoculated  with  test  strains  of  H.  capsulatum,  and  growth  and  sporulation 
measured  by  a  standardized  harvesting  procedure.  Included  in  the  studies 
are  defined  media  containing  chemicals  known  to  occur  in  the  excreta  of 
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birds  and  other  animals. 

Major  FJndlngs; 

No  work  was  done  on  this  project  this  year. 

Significance  to  bio-medical  research  and  the  program  of  the  Instittrbe; 

With  a  few  exceptions,  isolation  of  H.  capsulatum  fi'om  its  reservoir 
in  natxire  has  occurred  only  following  recognized  human  disease.  Our  knowl- 
edge of  factors  influencing  the  distribution  of  this  pathogen  is  inadequate 
to  allow  prediction  of  contaminated  sites  with  any  a^svirance.  TSie  problem 
has  been  emphasized  by  otir  inability  to  isolate  the  fungus  from  more  than 
one  site  in  an  area  where  epidemiologLc  studies  indicate  it  to  be  prevalent. 
Only  when  this  information  becomes  available  can  exposure  to  the  pathogen 
be  controlled. 

Proposed  Course; 

It  is  proposed  that  this  project  be  discontinued. 
Honors  and  Awefds; 

None 
Publications : 

None 
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1.  Microbiology 

2.  Medical  Mycology 

3.  Bethesda,  Maryland 


PHS  -  NIH 

Individual  Project  Report 

July  1,  1967  throu^  June  30,  1968 

Project  Title:  Imiunity  Studies  with  Pathogenic  Fungi. 

Previous  Serial  Number:     Same 


Principal  liivestigator: 

H.  F.  Hcisenclever 

Other  Investigators: 

None 

Cooperating  Uhits: 

None 

Man  Years: 

NIAID 
Lab.  Staff 
11/12 

7/12 

Other  NIH 
Personnel 

Guest 
Workers 

TOTAL 

Total: 

Professional: 

Other: 

11/12 
7/12 

Project  Description: 

Objectives: 

To  study  the  methods  of  producing  and  the  nature  of  acquired  imminity 
and  resistance  to  ftmgal  disease. 

Methods  Bnployed: 

The  infectioxis  process  under  investigation  in  candidiasis  and  nice  are 
being  used  as  the  experimental  animal.  Methods  that  extend  the  survivor 
time  to  the  toxic  manifestations  of  Candida  albicans  challenge  and  increase 
the  survivor  rate  to  the  subtoxic  but  lethal  infection  by  this  yeast  are 
being  studied.  Resistance  is  induced  by  injections  of  saline  extracts  of 
Bordetella  pertnssis  cells,  B.  pertxissis  vaccine,  lipopolysaccharide  ex- 
tracted from  Siniinraiella  enteritidis,  sublethal  infection  with  C.  albicans 
or  combinations  of  these  materials. 

Major  Findings: 

Results  show  that  injection  of  the  pertussis  vaccine  alone  or  in  com- 
bination with  the  lipopolysaccharide  prolongs  survivor  time  to  toxic  chal- 
lenge but  appears  to  be  less  effective  in  increeising  the  survivor  rate  to 
subtoxic  but  lethal  challenge.  Die  lipopolysaccharide  alone  or  in  combina- 
tion with  the  vaccine  produces  similar  resid.ts.  Preinfection  with  a  sub- 
lethal dose  of  C.  albicans  cells  is  the  most  effective  method  for  increasing 
survivor  rates  to  subtoxic  but  lethal  challenge.  Preinfection  is  not  as  con- 
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slstent  in  extending  survival  time  to  toxic  challenge  as  B.  pertussis  vaccine 
or  lipopolysaccharide .  An  interesting  challenge  dose  relationship  has  been 
consistently  observed.  When  mice  are  challenged  with  approximately  10^ 
yeast  cells  (a  toxic  dose)  any  method  of  treatment  extends  the  survivor 
time  significantly  over  the  controls  but  all  animals  subsequently  die  of  an 
overwhelming  infection.  Mice  treated  by  any  method  and  challenged  with 
approximately  10°  yeast  cells,  a  subtoxic  dose,  show  extended  survivor  time 
and  a  small  percentage  imy   survive.  Only  preinfected  mice  when  challenged 
with  approximately  10^  yeast  cells,  a  subtoxic  dose,  exhibit  any  significant 
survival  advantage.  Mice  treated  by  any  method  and  challenged  with  approxi- 
mately 10^  yeast  cells  (about  LD^q)  show  no  survival  advantage  over  untreated 
controls . 

Significance  to  biomedical  research  and  the  program  of  the  Institute; 

Specific  and  nonspecific  resistance  contribute  to  acqiiired  protection 
against  candidiasis  in  mice,  are  of  a  low  level,  and  are  transient  in  dura- 
tion. Biis  information  is  of  value  in  the  interpretation  of  the  host 
response  to  fungal  infection. 

Proposed  course  of  project; 

To  be  continued  eaigjhaslzing  the  effect  on  acquired  resistance  of  retic- 
uloendothelial blockades,  or  other  jiiyslological  alterations. 

Honors  and  Awards: 

None 
Publications: 

None 
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Project  Title:  Serologic  studies  on  patients  with  leukemia  using  fungus 
antigens . 

Previous  Serial  Niaaber:         None 


Principal  Investigator: 

H.  F.  Heisenclever 

Other  Investigators: 

*Haivey  Prlesler 

Cooperating  Uhits:  *Leukem1a  Service,  NCI 

Man  Years: 

NIAID        Other  NIH 
Lab.  Staff    Personnel 

6/12 

V12 

2/12 

Guest 
Workers 

TOTAL 

Total: 

Professional : 
Other: 

6/1^ 
U/12 
2/12 

Project  Description: 

Objectives: 

To  determine  if  serology  can  be  utilized  to  detect  fungal  infection 
in  patients  with  lexikemla  that  are  being  treated  with  tnniunosuppjressive 
drugs. 

Methods  Qnployed: 

Bie  microscopic  observation  of  Candida  in  tissue  sections  was  used  as 
a  criterion  in  making  a  retrospective  diasaosis  of  candidiasis.  Serial 
serum  samples  were  tested  for  antibodies  to  Candida  by  agglutination  and 
immunodiffusion.  Heat-killed  whole  yeast  cells  were  used  as  antigen  for 
agglutination.  A  soluble  extraxit  from  sonic  disrupted  viable  yeast  cells 
and  rnpiT\r\f\r\   extracted  from  whole  yeast  cells  vere  used  as  antigens  in  immuno- 
diffusions . 

Major  Findings; 

The  results  have  indicated  that  a  statistically  significant  number  of 
patients  showed  an  antibody  rise  before  death.  Agglutination  was  considera- 
bly more  sensitive  but  as  the  titer  rose  in  some  cases  precipitins  appeared. 
Precipitation  could  be  shown  eqxiCLLly  well  by  both  antigens.  Uhder  the  condl-   h 
tlons  of  this  study  agglutination  appears  to  be  more  useful  as  a  diagnostic    I 
tool  than  immunodiffusion.  A  rise  in  the  agglutinating  titer  was  considered   ■ 

i 
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essential  for  a  positive  interpretation. 

Siffliificance  to  bicaaedical  research  and  the  program  of  the  Institute; 

Infection  of  iranunologically  suppressed  patients  by  fungal  opportunists 
is  a  serious  medical  problem.  Since  most  of  these  fungi  are  quite  ubiqui- 
tous or  axe  normal  inhabitants  of  the  oral  or  gastrointestinal  tract,  their 
isolation  fl*om  specimens  obtained  from  these  anatomical  sites  is  not  signif- 
icant ev^i  thoxigh  thei^  joaiy  have  been  focal  or  deep  invasion.  A  serologic 
response  apparently  can  occur  in  patients  being  treated  with  immunologic 
suppressants  and  this  response  may  aid  in  laboratory  diagnosis. 

Proposed  course  of  project; 

To  be  continued  studying  patients  currently  being  treated  and  extending 
the  investigations  using  antigens  obtained  from  Aspergillus. 

Honors  and  Awaards; 

None 

Publications ; 
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Principal  Investigator: 

H.  P. 
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Man  Years: 

NIAID 
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.  Staff 
0 
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Workers 
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0 
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0 

- 

- 

0 

Other: 

0 

- 

- 

0 

Project  Description: 

Objectives; 

To  study  the  significance  of  the  bat  in  the  ecology  and  spread  of 
H.  capstilatum  in  nature. 

Methods  Baployed; 

Bats  of  vario\is  species  were  collected  from  a  variety  of  harborages; 
they  were  sacrificed  and  the  organs  removed  and  cultured.  Air,  water,  and 
soil  samples  were  collected  in  the  harborages.  Air  and  water  sanrples  were 
filtered  throvigh  membranes  and  the  particles  were  resuspended  and  Injected 
into  mice.  The  presence  of  H.  capsulat\mi  in  the  air  was  also  danonstrated 
by  the  exposure  of  sentinel  animals  in  the  harborages.  Sentinel  and  in- 
jected animals  were  sticrificed  and  their  organs  were  cultvired  at  the  appixj- 
prlate  time. 

Major  findings; 

No  new  results  haive  been  obtained  during  the  period  of  time  covered  by 
this  Import. 

Significance  to  biomedical  research  and  program  of  the  Institute: 

This  study  has  contributed  further  knowledge  about  the  role  of  the  bat 
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and  other  natural  events  in  the  ecology  of  H.  capsvilatTjni. 

Proposed  Course  of  Project; 

To  he  dropped. 

Honors  and  Avajrds: 

Invited  Seminar  at  Temple  University  on  Feb.  15,  1968.  Bcologic  and 
Epidemiologic  Aspects  of  Histoplaama.  capsiilatum. 

Laboratory  of  Microbiology  Seminar^  NIAID.  The  Role  of  Flooding  and 
Chiroptei^ns  on  the  Ecology  of  Histoplasma  capsulatum,  Jan. ,  I968. 

Member,  Aerobiology  Panel,  U.  S.  National  Catmnittee,  International 
Biological  Program. 

Publications : 

Shacklette,  Martha  and  H.  P.  Hasenclever.  Variation  of  Rates  of  Nat- 
ural Infection  with  Histoplasma  capsulatum  in  Bats.  Am.  J.  Trop.  Med.  & 
Hyg.  In  press. 

Shacklette,  Martha  H.  and  H.  F.  Hasenclever.  Hhe  Natural  Occurrence  of 
Histoplafima  capsulatum  in  a  Cave.  3.  Effect  of  Flooding.  Am.  J.  Epidemiol. 
In  press. 
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Cooperating  Units: 


H.  F.  Hasenclever 
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tNational  Research  Council,  Ottawa,  Canada 
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Man  Years: 

KIAID 
Lab.  Staff 

2V12 
V12 

20/12 

Other  NIH 
Personnel 

Guest 
Workers 

TOTAL 

Total: 

Professional: 

Other: 

25/12 

4/12 

20/12 

Project  Description: 

Objectives : 

To  study  the  molecular  structure,  serologic  properties,  and  haptenic 
groups  of  polysaccharides  isolated  from  fungi. 

Methods  Engloyed: 

FUngi  are  grown  and  polysaccharides  are  isolated  by  Dr.  Blank,  Dr. 
Slodki,  or  in  this  Section.  Polysaccharides  are  either  extracted  under 
nitrogen  with  hot  alkali,  or  by  a  method  that  is  selective  for  yeast  mannans. 
Details  of  molecTilajr"  structiire  are  elucidated  utilizing  periodation,  methy- 
lation,  gas  and  paper  chromatography,  and  optical  rotation,  and  are  done  by 
either  Drs.  Bishop  or  Slodki.  Ant i sera  are  prepared  in  sheep  or  rabbits  by 
injecting  viable  or  nonviable  fungi,  polysaccharides  in  incomplete  Frexmd's 
adjuvant,  or  polysaccharides  in  aqueous  solution.  Quantitative  precipitation, 
precipitin  inhibition,  and  iniminodiffusion  are  the  serologic  methods  eng)loyed. 
All  the  lifflmmochemicai  studies  are  done  in  this  laboratory. 

Oligosaccharides  are  obtained  by  partial  hydrolysis  of  the  parent  mannan 
and  are  separated  by  passage  throvi^  Sephadex  colizmns. 
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Major  Findings; 

Structural  studies  on  glucans  isolated  from  Candida  albicans  Group  B 
and  C.  parapsilosis  indicated  that  the  major  feature  of  both  was  the  pres- 
ence of  Beta  1  -►  6  linked  D-gLucopyranase  units.  A  smaller  but  significant 
Beta  1  -♦  3  linkages  were  present  in  the  linear  portions  of  the  polysacchar- 
ides. Seme  branching  was  detected.  Few  differences  coxiLd  be  observed  be- 
tween the  two  glucans.  These  polysaccharides  show  little  or  no  serologic 
activity. 

Studies  on  mannans  isolated  from  C.  albicans  Groups  A  and  B,  C.  parap- 
silosis, C.  stellatoidea,  and  C.  tropicalis  show  that  they  have  the  follow- 
ing common  structural  characteristics t  predominant  o-  1  -»  2,  with  lesser 
amounts  of  a  1  -»  6  linkages,  predominate  mannopyranose  but  some  mannofur- 
anose  units  and  branching  occurs  at  C-2  or  C-6  of  either  mannopyranose  or 
mannofuraiiose  units.  The  main  differences  noted  were  that  C.  albicans 
Group  A  mannan  was  more  branched  and  that  the  C.  tropicalis  mannan  had  a 
hi^er  degree  of  polymerization. 

Precipitin  inhibition  studies  using  two  antisera  to  C.  stellatoidea 
have  shown  that  a  mixture  of  penta  and  hexEisaccharides,  derived  from  the 
parent  mannan,  was  most  effective  at  inhibiting  precipitation.  The  effec- 
tiveness of  inliibition  of  the  other  oligosaccharides  in  descending  order  was 
tetrasaccharide,  trl saccharide,  and  di saccharide.  Studies  with  C.  albicans 
GeTOup  B  antiserum  showed  that  the  trl,  tetra,  penta  and  hexasaccharides  were 
equally  effective  at  inhibiting  precipitation,  whereas  the  dlsaccharide  was 
less  effective. 

Significance  to  biomedical  research  and  the  program  of  the  Institute; 

These  studies  have  contributed  to  the  knowledge  of  polysaccharide  struc- 
ture and  the  structural  units  of  the  molecules  that  axe  haptenlc  groups. 

Proposed  course  of  project; 

To  be  continued  studying  the  effect  of  structural  alteration  or  serolog- 
ic reactivity  and  the  precipitin  inhibiting  capacity  of  oligosacchaildes  ob- 
tained from  the  parent  polysaccharide  with  their  hcanologous  antisera. 

Honors  and  Awards; 

Invited  Seminar  at  Temple  Uhiverslty,  Riiladelphia,  Pa.,  Feb.  15,  I968. 
The  Antigenic  Determinants  of  a  Mannan  Isolated  from  Candida  albicans  Group 
B. 

Vice  President,  Medical  Mycology  Section,  American  Society  for  Microbi- 
ology. 
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Publications : 

R.  J.  Yu,  C.  T.  Bishop,  F.  P.  Cooper.  F.  Blank,  and  H.  P.  Hasenclever. 
(SLucans  from  Candida  albicans  (serotype  b)  and  from  Candida  paxapsilosis. 
Canad.  J.  Chem.  45:226if-2267,  196T. 

R.  J.  Yu,  C.  T.  Bishop,  F.  P.  Cooper,  H.  F.  Hasenclever  and  F.  ELank. 
Structural  studies  of  mannans  from  Candida  albicans  (serotypes  A  and  B), 
Candida  parapsilosis,  Candida  stellatoidea,  and  Candida  tropicalis.  Canad. 
J.  Chem.  45:2205-2211,  I967. 
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PHS-NIH 

Summary  Statement 

Office  of  Chief 

Laboratory  of  Biology  of  Viruses 

July  1,  1967  through  June  30,  1968 

Major  changes  have  occurred  in  the  structure  of  the  Laboratory  of 
Biology  of  Viruses  during  the  past  year.   Dr.  Karl  Habel,  the  chief  of 
LBV  since  1959,  retired  from  the  Public  Health  Service  and  has  joined  the 
staff  of  the  Scripps  Clinic  and  Research  Foundation.   Dr.  Norman  P„  Salzman 
succeeded  Dr.  Habel  as  chief  of  the  laboratory.   A  reassignment  of  personnel 
has  been  effected  that  involved  the  transfer  of  Drs .  Baron,  DuBuy,  Levy, 
Mattern  and  Takemoto  from  LBV  to  LVDo   The  result  of  this  realignment  of 
personnel  is  to  define  more  precisely  the  current  interests  of  the 
laboratory  in  the  area  of  molecular  virology. 

Studies  on  the  mode  of  replication  of  animal  and  human  viruses  have 
continued.  The  goal  of  these  studies  is  to  determine  the  molecular  basis 
for  the  pathogenic  effects  of  viruses  on  cellular  functions.   Additional 
studies  have  been  carried  out  on  isolation  and  characterization  of  mutated 
viruses  which  serve  as  valuable  biologic  tools  in  defining  the  manner  in 
which  viruses  replicate.   Studies  of  the  mechanism  of  transformation  of 
cells  by  oncogenic  viruses  continue  as  a  major  area  of  investigation.   In 
addition  to  studies  on  virus-cell  interaction,  a  number  of  studies  are 
concerned  with  the  physical  and  chemical  properties  of  the  purified  virus 
itself.   The  properties  of  uninfected  cells  are  an  important  and  necessary 
area  of  investigation  that  interrelates  closely  with  studies  with  animal 
viruses,  and  work  has  continued  in  this  area. 

The  members  of  LBV  have  been  involved  in  a  number  of  scientific 
activities  in  addition  to  those  laboratory  research  activities  which  are 
described  in  the  annual  reports.   Drs.  Salzman  and  Shatkin  gave  a  graduate 
course  in  virology  at  the  Georgetown  University  School  of  Medicine. 
Dr.  Axelrod  continued  as  a  member  of  the  Etiology  Contract  Review  Committee 
of  the  National  Cancer  Institute,  and  in  addition  was  appointed  as  a  member 
of  an  Ad  Hoc  Committee  on  Stable  Isotopes  of  the  National  Research  Council. 
Dr.  Salzman  was  appointed  a  member  of  the  Ad  Hoc  Committee  on  Herpes  and 
Vaccinia  Virus;  Virus  Leukemia  Program,  NCI,  and  has  continued  as  an 
editor  of  the  Journal  of  Virology.   The  members  of  the  laboratory  have  also 
been  invited  to  participate  in  various  symposia  and  to  give  lectures  at  a 
number  of  universities.   In  addition,  they  have  prepared  chapters  for  a 
number  of  books.   These  are  detailed  in  the  individual  progress  reports. 

During  the  past  six  years  the  laboratories  of  LBV  have  been  located 
both  in  Building  5  and  in  Building  10.   While  the  physical  distance  between 
the  two  locations  is  not  great,  it  is  sufficient  to  reduce  the  amount  of 
interaction  between  the  scientists  in  the  two  locations.   I  hope  that  by 
March  1969  the  laboratory  can  be  consolidated  in  Building  5.   The 
consolidation  of  physical  resources  will  be  advantageous,  and  the 
opportunity  for  scientific  interaction  and  collaboration  will  be  more 
favorable.   Several  new  staff  members  will  join  the  laboratory  during  1968. 


I  am  sure  that  these  people  who  have  recently  been  trained  as  molecular 
biologists  will  bring  to  animal  virology  new  techniques  and  approaches. 
Our  understanding  of  the  architecture  of  macromolecules^  the  mechanisms 
by  which  these  macromolecules  are  replicated,  and  the  synthesis  of 
biologically  functional  molecules  in  vitro  represent  major  recent  advances 
in  the  field  of  molecular  biology.   The  extension  of  these  procedures  and 
approaches  to  animal  virology  will  prove  of  great  theoretical  and  practical 
importance.   It  is  likely  that  in  the  near  future  the  ability  to  synthesize 
specific  macromolecules  will  have  as  profound  an  impact  on  the  treatment  of 
viral  disease  as  those  classical  approaches  which  are  presently  employed. 

PRINCIPAL  RESEARCH  FINDINGS 

The  Isolation  and  Fractionation  of  Metaphase  Chromosomes 

It  had  previously  been  found  that  metaphase  chromosomes  could  be 
isolated  from  cells  and  freed  from  contamination  with  other  cellular 
components.   Throughout  the  purification  procedure  the  chromosomes 
maintained  their  characteristic  morphology.   Recently,  it  has  been  possible 
to  fractionate  chromosomes  into  groups  which  show  distinct  morphologic 
differences.   The  chromosomes  that  are  fractionated  also  show  distinct 
differences  in  their  biologic  properties.   The  small  chromosomes  are  shown 
to  be  preferentially  enriched  with  the  DNA  that  is  made  late  in  the  "S" 
phase,  the  period  during  which  cellular  DNA  is  duplicated.   The  ability 
to  fractionate  chromosomes  will  be  of  considerable  value  in  genetic  studies 
and  in  studies  on  the  interaction  of  oncogenic  viruses  with  cells. 
(Drs.  Salzman  and  Crane,  and  Mrs.  Bond  with  Dr.  H.  E.  Bond,  NCI). 

Isolation  and  Characterization  of  Chromatin 

Chromatin  has  been  purified  from  the  nuclei  of  mammalian  cells.   RNA 
that  is  associated  with  chromatin  has  been  found  to  be  distinct  from 
ribosomal  RNA.   This  RNA  that  is  associated  with  DNA  has  been  isolated  and 
separated  from  DNA  by  centrifugation  in  CsCl.   This  system  should  be  of 
great  interest  since  chromatin  represents  the  genetic  information  of  the 
cell  in  its  functional  state.   Further  studies  will  characterize  more  fully 
the  chromatin  protein  and  RNA.   (Dr.  DeFilippes). 

Homology  Studies  to  Determine  Genetic  Relatedness 

Classification  of  Brucella  Organisms  by  DNA-DNA  Hybridization.   The 
degree  of  genetic  relatedness  between  strains  of  the  genus  Brucella  was 
determined  by  DNA-DNA  hybridization.   This  procedure  is  likely  to  be  the 
most  valid  one  for  classifying  organisms  since  it  measures  similarities  and 
differences  in  the  bacterial  genome  while  alternate  procedures  have  relied 
upon  the  phenotypic  characteristics  to  deduce  the  degree  of  genetic 
relatedness.   Examination  of  Bordetella  bronchisepticus ,  Alcaligenes 
fecalis  and  Serratia  marcesea  indicate  that  these  organisms  are  not 
properly  a  part  of  the  genus  Brucella.   (Dr.  Hoyer  with  Dr.  McCullough, 
LBD). 


The  Degree  of  Genetic  Relatedness  of  the  Three  Poliovirus  Types. 
Poliovirus  contains  single-stranded  RNA  in  the  mature  virion.   During  the 
replication  of  the  virus,  a  double-stranded  intermediate  can  be  isolated 
which  consists  of  one  strand  that  is  identical  to  the  RNA  in  the  virion, 
and  a  second  strand  that  is  the  structural  compliment  of  the  first.   The 
double-stranded  radioactively  labeled,  intermediate  has  been  isolated  for 
the  three  poliovirus  types.   The  availability  of  a  double-stranded  and  a 
single-stranded  form  for  each  type  of  poliovirus  permits  the  determination 
of  the  degree  of  genetic  relatedness  using  competitive  RNA-RNA  homology 
studies.   The  results  indicate  that  1/4  to  1/3  of  the  poliovirus  genome  is 
the  same  for  the  three  types.   This  would  also  indicate  that  there  are 
major  differences  in  the  genetic  material  of  these  viruses.   This  unique 
approach  to  the  classification  of  the  RNA  viruses  will  be  extended.   Changes 
in  the  viral  genome  that  accompany  viral  attenuation  will  be  examined. 
(Dr.  Hoyer  with  Dr.  Young,  LCP,  Clinical  Center). 

Properties  of  Adenovirus-Associated  Viruses  (AAV) .   AAV  is  a  class  of 
defective  viruses  that  has  been  found  in  association  with  adenovirus. 
They  replicate  in  cells  only  if  these  cells  are  co-infected  with  adenovirus. 
The  relationship  between  AAV  and  adenovirus  has  been  examined  to  determine 
if  the  two  contain  some  common  genetic  elements.   RNA-DNA  homology 
techniques  have  been  employed.   The  results  suggest  that  the  four  serotypes 
of  AAV  are  related  to  about  the  same  extent  (27-377o)  but  that  considerable 
genetic  difference  exists  among  the  serotypes.   There  is  no  evidence  for 
genetic  relatedness  between  AAV  type  1  and  adenovirus.   An  examination  of 
the  proteins  of  three  AAV  serotypes  does  not  reveal  any  significant 
differences  that  are  detected  by  acrylamide  gel  electrophoresis.   Future 
studies  with  AAV  will  try  to  define  the  basis  for  the  AAV  defectiveness. 
(Drs.  Rose  and  Shatkin  with  Dr.  Hoggan,  LID,  and  Dr.  Maizel,  Albert  Einstein 
College  of  Medicine,  New  York). 

Characterization  of  the  RNA  Present  in  Syrian  Hamster  Tumors  Induced 
by  Oncogenic  Viruses.   Studies  in  other  laboratories  have  demonstrated  the 
continued  synthesis  of  an  RNA  species  in  transformed  cells  that  is 
homologous  with  the  DNA  of  the  virus  that  had  been  used  to  induce  tumor 
formation.   This  virus  specific  RNA  represents  only  a  small  fraction  of  the 
total  cellular  RNA.   The  present  studies  were  carried  out  to  determine  if 
there  was  a  major  alteration  in  the  metabolism  of  transformed  cells,  and 
whether  such  an  altered  metabolism  differed  depending  on  the  virus  that  had 
been  used  to  produce  the  malignant  state.   This  problem  has  been  approached 
using  RNA-DNA  homology  techniques.   The  RNA  from  polyoma  and  SV-40  tumors 
can  be  readily  distinguished  from  Adeno-12  tumor  RNA.   While  the  former 
two  RNA's  share  a  major  fraction  of  their  polynucleotide  sequences  with 
one  another,  a  small  fraction  of  the  RNA  is  unique  for  a  given  tumor. 
(Dr.  Martin). 

Replication  of  Oncogenic  Viruses . 

It  has  previously  been  demonstrated  that  chemicals,  such  as  chloroquin, 
will  stabilize  lysomes  within  cells.   This  observation  has  permitted  an 
evaluation  of  the  role  of  lysosomal  enzymes  in  uncoating  of  viral  particles 


and  their  action  on  viral  nucleic  acid.   It  has  been  shown  that  the 
inhibition  of  release  of  lysosomal  enzymes  results  in  a  marked  increase  in 
the  infectivity  of  free  viral  nucleic  acid  and  a  marked  increase  in 
transforming  ability  of  the  virus  nucleic  acid  in  sensitive  cells.   It  also 
produces  a  delay  in  the  appearance  of  newly  synthesized  virus  when  infection 
is  initiated  with  intact  virions. 

Exposure  of  cells  to  ultraviolet  light  causes  an  increased  production 
of  tumor  antigen  and  may  also  increase  the  yield  of  infectious  virus.   If 
the  exposure  to  UV  is  increased,  there  is  an  inhibition  of  virus  production 
if  exposure  occurs  before  the  15th  hour  post-inoculation  and  a  decrease  in 
tumor  antigen  if  exposure  occurs  before  the  15th  hour  post-inoculation. 
(Dr.  Axelrod  with  visiting  scientist.  Dr.  Mallucci). 

Characteristics  of  Enzymes  Present  in  SV-40  and  Polyoma  Virus  Induced 
Animal  Tumors 

DNA  polymerase  has  been  purified  50-fold  from  SV-40  induced  tumors. 
Physicochemical  studies  of  the  purified  enzyme  preparations  have  shown  that 
two  separate  enzyme  fractions  are  present.   This  suggests  that  the  enzyme 
is  composed  of  subunits.   The  polymerase  from  the  viral  induced  tumor 
appears  to  prefer  native  DNA  as  primer.   Further  characterization  of  this 
enzyme  will  be  carried  out.   (Dr.  Barban) . 

Regulation  of  Protein  Synthesis  in  Virus  Infected  Cells 

The  poxviruses  demonstrate  a  higher  order  of  complexity  than  is 
observed  with  other  classes  of  animal  viruses.   The  inclusion  within  the 
virion  of  a  specific  RNA  polymerase  is  one  indication  of  this  fact. 
Vaccinia  has  also  been  shown  to  bontain  within  the  virion  a  protein 
component  which  rapidly  inhibits  cellular  protein  synthesis.   The  time 
that  is  required  for  a  complete  block  of  cellular  protein  synthesis  is 
inversely  related  to  the  amount  of  virus  used  to  infect  the  cells.   Current 
data  indicate  that  an  undenatured  protein  coat  is  necessary  for  the 
inhibition  of  cellular  protein  synthesis. 

The  synthesis  of  viral  proteins  has  been  examined  by  polyacrylamide 
gel  electrophoresis  in  combination  with  radioautography .   A  sequential 
synthesis  of  early  and  late  proteins  was  observed.   An  important  finding 
was  that  all  late  viral  proteins  are  not  induced  simultaneously.   In  future 
studies,  the  viral  proteins  will  be  further  characterized.   The  biological 
properties  of  the  system  that  permit  viral  protein  synthesis  while  inhibiting 
cellular  protein  will  be  examined.   (Dr.  Moss). 

Structure  and  Function  of  the  Reovirus  Genome 

Examination  of  the  three  serotypes  of  reovirus  have  demonstrated  the 
presence  of  both  a  double-stranded  RNA  and  a  single-stranded  RNA  that  is 
rich  in  adenylic  acid.   The  duplex  RNA  has  a  total  molecular  weight  of 
15  X  10  daltons,  and  is  composed  of  ten  unique  segments.   Differences  in 
the  nucleic  acid  composition  of  the  three  serotypes  can  be  demonstrated. 


and  it  may  be  possible  to  correlate  these  differences  with  differences  in 
the  protein  components  of  the  virions.   A  biologic  role  of  the  single- 
stranded  adenine-rich  RNA  has  not  yet  been  determined. 

The  proteins  present  in  the  three  reovirus  serotypes  have  been  examined 
after  dissociation  of  the  viruses.   The  solubilized  protein  of  each  serotype 
included  three  major  components.   Serotypes  1  and  2  also  contained  4  minor 
bands  and  serotype  3  only  3  minor  bands.   It  has  been  possible  to  selectively 
remove  the  outer  layer  of  virus  and  to  obtain  in  purified  form,  "core" 
preparations.   Examination  of  these  cores  showed  that  only  two  major 
components  remained  and  several  minor  components  were  missing.   Almost  all 
of  the  RNA  remained  in  the  subviral  particles.   These  subviral  particles 
have  not  been  shown  to  be  infective.   Future  studies  will  attempt  to  define 
the  genetic  information  contained  in  each  of  the  RNA  fragments  obtained  from 
the  virion.   Further  clarification  of  the  protein  composition  of  the  virus 
will  also  be  carried  out.   (Dr.  Shatkin  and  guest  worker,  Dr.  Loh) . 

Properties  of  Viral  Messenger  RNA  in  Vaccinia  Virus  Infected  Cultures 

It  had  been  demonstrated  previously  that  distinct  classes  of  protein 
were  made  at  different  times  in  the  infectious  cycle.   A  similar  difference 
in  the  m-RNA  molecules  has  now  also  been  observed.   Early  in  infection, 
m-RNA  molecules  have  a  half  life  of  2-3  hours,  while  late  in  the  infectious 
cycle,  m-RNA  decays  with  a  12-minute  half  life.   These  results  suggest  that 
the  switch  from  early  to  late  viral  protein  synthesis  requires  a  suppressor 
mechanism  which  will  block  the  continued  functioning  of  early  m-RNA. 
(Mr.  Sebring  and  Dr.  Salzman). 
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Project  Description: 

Objectives: 

To  determine  the  biochemical  and  biological  events  occurring  in  lytic  and 
transforming  infection  by  the  DWA  tumor  viruses  and  evaluation  of  the  factors 
influencing  these  events. 

To  compare  DNAs  of  oncogenic  and  non-oncogenic  adenoviruses  and  to  search  for 
unique  segments  of  their  fractionated  genomes  which  may  be  used  to  character- 
ize or  classify  these  viruses  as  to  their  oncogenicity. 

To  provide  a  simple,  sensitive  test  for  the  presence  of  group  and  type  spe- 
cific antigens  of  the  adenoviruses  in  tiimor  cells. 
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To  characterize  temperature  sensitive  mutants  of  the  teratogenic  Kilham  rat 
virus  in  order  to  define  its  small  number  of  genetic  functions. 

Methods  Employed: 

Tissue  culture  cells  or  freshly  collected  macrophages  are  exposed  to  high 
multiplicities  of  polyoma  or  SV-^O  virus.  At  intervals  during  incubation 
cells  are  collected  and  tested  for  tumor  and  virus  coat  antigens,  infectious 
virus,  host  and  viral  DNA  synthesis.  Antigens  are  quantitated  by  immuno- 
fluorescence, complement  fixation;  infectivity  by  plaque  assay;  newly  syn- 
thesized nucleic  acids  by  hydroxyapatite  fractionation.  Various  environ- 
mental factors  are  varied  in  the  system  and  their  effect  on  the  above 
parameters  are  determined. 

DNAs  obtained  from  purified  adenoviruses  are  fractionated  by  thermal  gradient 
elution  from  a  hydroxy- apatite  column.   Comparison  of  these  fractionated  DNAs 
is  then  carried  out  by  assessing  the  degree  of  hybridization  of  discrete 
fractions  of  these  DNAs  to  an  indicator  DNA  immobilized  on  a  membrane  filter. 
The  degree  of  relationship  is  determined  from  the  quantity  of  radioactivity 
remaining  bound  under  previously  established  criterion  conditions. 

The  previously  established  methods  of  radioimmune  precipitation  have  been 
adapted  to  provide  a  simple  test  for  adenovirus  antigens.   The  virus  whose 
antigens  are  the  subject  of  interest  is  labeled  with  ^^P  to  the  maximum 
degree  possible.  Unlabeled  test  materials  are  then  used  as  competitors  to 
determine  the  extent  to  which  they  interfere  with  the  specific  immuno  preci- 
pitation. 

Virus  stocks  mutagenized  by  exposure  to  nitrous  acid  are  plated  at  33°  and 
3^  to  give  1-5  plaques  per  plate.   Those  viruses  that  show  reduced  plating 
efficiency  at  39°  compared  to  the  wild  type  are  further  purified  by  two 
additional  single  plaque  isolations.   The  ability  of  each  of  these  plaque 
isolates  to  provide  complementary  information  for  other  plaque  isolates  is 
determined  by  appropriate  mixing  experiments  and  plating  at  both  the  restric- 
tive and  permissive  temperatures. 

Major  Findings: 

The  induction  of  synthesis  of  tumor  antigen  during  the  lytic  cycle  of  polyoma 
virus  infection  of  macrophages  occurs  relatively  early  and  appears  to  be 
divorced  from  viral  coat  antigen  and  virus  nucleic  acid  production.  Although 
there  is  a  marked  stimulation  of  nucleic  acid  synthesis  some  thirty-six  hours 
after  the  appearance  of  tumor  antigen,  this  nucleic  acid  appears  to  be  pri- 
marily host  cell  nucleic  acid.   The  failure  of  virus  to  appear  in  these  in- 
fected cells  and  the  role  of  the  host-nucleic  acid  synthesis  is  now  being 
further  investigated.   By  the  use  of  appropriate  chemical  agents,  it  has  been 
possible  to  demonstrate  the  role  of  lysosomal  enzymes  in  virus  infection. 
The  inhibition  of  release  of  lysosomal  enzymes  results  in  a  marked  increase 
in  the  infectivity  of  free  viral  nucleic  acid,  a  marked  increase  in 


Serial  No.  NIAID-J 


transforming  ability  of  the  virus  nucleic  acid  in  sensitive  cells,  and  a 
delay  in  the  appearance  of  the  inf activity  of  the  whole  virus. 

UV  irradiation  of  cells  before  and  after  inoculation  of  virus  in  the  lytic 
cycle  has  been  tested  for  its  effect  on  tumor  antigen  and  virus  syntheses. 
Small  doses  of  UV  (20?  ergs/mm^)  have  a  stimulatory  effect  causing  earlier 
appearance  and  increased  production  of  tumor  antigen  and  occasional  increased 
yields  of  infectious  virus.   Slightly  larger  doses  of  UV  (828  ergs/mm^)  are 
inhibitory  to  virus  production  if  given  before  the  15th  hour  post- inoculation 
and  to  tumor  antigen  production  if  given  before  12  hours. 

The  system  of  virus  DNA-DWA  homology  carried  out  on  membrane  filters  has  been 
demonstrated  to  be  an  effective  method  for  the  detection  of  specific  regions 
of  the  adenovirus  DNA.   DNA  from  adenoviruses  2,  7  and  12  has  been  fraction- 
ated on  hydroxyapatite  and  the  ability  of  discrete  G-C  base  fractions  of  one 
of  the  viruses  to  hybridize  with  the  whole  DNA  of  the  other  two  has  been 
determined.   The  ability  of  the  low  G-C  or  high  G-C  fractions  of  adenovirus 
2  or  12  to  hybridize  with  adenovirus  7  appears  to  be  the  same  as  that  of  the 
whole  unfractionated  virus.   These  data  would  suggest  that  the  relationship 
among  these  viruses  is  not  limited  to  a  specific  region  of  their  DNA,  but 
the  relationship  is  rather  on  a  random  basis.   Biophysical  and  biochemical 
studies  on  the  most  oncogenic  adenovirus  SA-7  have  revealed  a  G-C  base  com- 
position approximately  the  same  as  that  of  the  so-called  non-oncogenic  human 
adenoviruses.   These  two  pieces  of  data  would  suggest  that  the  over-all  base 
composition  of  an  adenovirus  is  not  the  critical  determinant  in  oncogenesis. 

The  use  of  the  radioimmune  precipitation  test  has  been  demonstrated  to  be  a 
simple,  specific  method  for  the  detection  of  type  and  group-specific  adeno- 
virus antigens.  With  the  use  of  adenovirus  7  as  the  indicator  virus,  it  has 
been  possible  to  establish  the  presence  of  adenovirus  7  tumor  antigen  in  non- 
virus  containing  tissue  culture  cells.   The  method  appears  to  be  100-1000 
times  more  sensitive  than  complement-fixation  as  it  is  generally  carried  out. 

Approximately  30  isolates  from  a  larger  number  of  rat  virus  plaques  have  been 
shown  to  be  true  temperature  sensitive  mutants.   Complementation  studies 
carried  out  on  a  number  of  these  isolates  suggest  that  there  are  at  least  two 
different  complementation  groups. 

Significance  to  Bio-medical  Research  and  the  Prograjn  of  the  Institute 

Because  of  the  genetic  and  evolutionary  similarities  of  the  rat,  mouse,  and 
hamster,  it  is  hoped  that  the  examination  of  the  single-stranded  DNA  rat 
virus  and  its  mechanism  of  replication  may  provide  some  insight  into  the  evo- 
lutionary development  of  the  oncogenic  polyoma  virus.   The  fact  that  these 
two  viruses  contain  the  same  ajnount  of  genetic  information  and  are  yet  vastly 
different  in  structure  suggests  that  a  comparative  study  of  these  viruses  may 
provide  basic  information  on  mechanisms  of  viral  oncogenesis  and  teratogene- 
sis.   It  is  hoped  that  studies  of  the  virus  mutants  will  provide  a  partial 
genetic  and  functional  description  of  rat  virus  and  will  lead  to  an 
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identification  of  each  of  the  biochemical  functions  necessary  for  virus 
replication. 

Studies  in  the  adenoviruses  are  designed  to  demonstrate  specific  genetic 
material  which  may  be  common  to  and  exclusive  to  the  oncogenic  viruses. 
Green  and  co-workers  have  already  shown  that  the  oncogenic  viruses  have  some 
homology  with  each  other.   The  present  studies  are  aimed  at  demonstrating  the 
specific  genetic  material  which  may  be  common  to  and/or  exclusive  to  the  on- 
cogenic adenoviruses.   The  identification  of  these  specific  virus  materials 
might  simplify  the  search  for  additional  tumor  viruses,  or  identify  those 
viruses  which  should  be  suspect. 

Proposed  Course  of  the  Project 

The  isolation  and  characterization  of  tumor  virus  DWAs  and  tumor  cell  DWA  and 
the  products  of  these  interactions  will  continue.   Increased  efforts  will  be 
made  determining  the  comparability  of  lysogenic  bacterial  systems  with  virus 
transformed  cells.   Techniques  now  being  applied  to  phage  mutagenesis  and 
lysogenic  induction  will  be  applied  to  determine  the  nature  of  the  associa- 
tion of  viral  genetic  to  host  genetic  material.  Extensive  efforts  will  also 
be  devoted  to  the  demonstration  of  specific  regions  responsible  for  the  on- 
cogenic properties  of  the  DWA  viruses. 
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Project  Description: 

Objectives: 

To  determine  unique  qualitative  and  quantitative  features  of  nucleic  acid 
composition  and  synthesis  in  virus  transformed  cells. 

Methods  Employed: 

DNA:  Unlabeled  DNA  was  prepared  from  embryonic  rodent  tissue,  tumors  in- 
duced by  several  of  the  oncogenic  viruses,  and  several  of  the  adenoviruses. 
Labeled  DNA  was  obtained  from  embryonic  and  transformed  cells  cultivated  in 
tissue  culture  exposed  to  C''"'^ -thymidine  or  P^^  orthophosphate.   C'''* -labeled 
Ad-7  DNA  was  prepared  from  KB  cells  lytically  infected  with  this  virus. 

RNA:  Unlabeled  RNA's,  extracted  from  Syrian  hamster  tumors  induced  by  poly- 
oma, SV-i+0,  or  Ad-12  viruses,  were  employed  as  competitors  in  DNA-RNA  hybrid- 
ization experiments.   Hamster  cells,  transformed  by  these  three  oncogenic 
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viruses,  were  piolse-labeled  in  tissue  cult\are  by  exposure  to  P^^  orthophos- 
phate  for  ^5  min.  Randomly  labeled  RNA  was  prepared  from  the  three  trans- 
formed cell  lines  by  allowing  growth  to  occur  for  72  hours  (3.5  divisions) 
in  the  presence  of  P^^  orthophosphate  or  H^  uridine. 

DWA-RNA  Hybridization:  DWA-RWA  competition-hybridization  experiments  were 
carried  out  by  simultaneously  atiding  pulse-labeled  RWA  and  an  excess  of  un- 
labeled homologous  or  heterologous  RNA's  to  single- stranded  DNA  immobilized 
on  a  nitrocellulose  filter.  DNA-RNA  satiiration  experiments  were  done  by 
adding  increasing  amounts  of  randomly  labeled  RNA  to  separate  filters  con- 
taining randomly  labeled  (C''-*  )  hajnster  DNA.   Non-specifically  bound  RNA  was 
removed  by  extensive  washing  at  6^C. 

RNA  preparations  could  be  enriched  for  the  "messenger"  fraction  by  using  RNA, 
exposed  to  an  initial  cycle  of  DNA-RNA  hybridization,  in  subsequent  experi- 
ments.  By  such  a  procedure,  for  example,  virus-specific  RNA  present  in  the 
tumors  could  be  readily  isolated  and  studied. 

Maj  or  Findings : 

A.   Characteristics  of  non-virus -like  RNA  present  in  Syrian  hamster  tumors 
induced  by  oncogenic  viruses. 

RNA's  from  Syrian  hamster  tumors  induced  by  polyoma,  SV-40  and  Ad-12  viruses 
were  first  compared  qualitatively,  employing  the  competition-hybridization 
technique.  Nitrocellulose  filters,  containing  immobilized  Syrian  hamster 
DNA,  were  added  to  reaction  mixtures  containing  one  of  the  hamster  oncogenic 
tumor  RNA's  pulse-labeled  with  I^^  and  an  excess  of  unlabeled  homologous  or 
heterologous  RNA.   Labeled  indicators  in  separate  competition  experiments 
included  unenriched  and  enriched  P^^  polyoma,  SV-UO  and  Ad-12  tumor  RNA's. 
In  addition  to  the  three  unlabeled  tumor  RNA's,  hamster  liver  and  mouse  poly- 
oma tumor  RNA's  were  used  as  competitors.  While  hamster  liver  and  mouse 
polyoma  RNA's  could  be  readily  distinguished  from  the  three  hamster  tumor 
RNA's,  little  discrimination  among  the  latter  was  observed  using  unselected 
labeled  tumor  RNA  as  indicator.  With  enriched  labeled  RNA,  however,  polyoma 
and  SV-UO  tumor  RNA's  appeared  to  share  more  polynucleotide  sequences  with 
one  another  than  either  shared  with  Ad-12  tumor  RNA.   This  is  not  surprising 
in  view  of  the  histologic  similarities  of  SV-^0  and  polyoma  tumors. 

Saturation  of  Syrian  hamster  DNA,  labeled  with  C-""* -thymidine,  was  carried  out 
with  randomly  labeled  'f'^   polyoma,  SSf-hO   and  Ad-12  transformed  cell  RNA's. 
In  each  case  about  5^  of  the  Syrian  hamster  genome  could  be  saturated  with  a 
large  excess  of  labeled  RNA.   The  5'J^  value  has  been  observed  for  L  cell  and 
hamster  embryo  RNA.   Thus  it  wo\ild  appear  that  a  similar  fraction  of  hamster 
DNA  is  being  expressed  in  tumor  cells.   In  order  to  determine  whether  the 
same  %   of  the  DNA  was  being  saturated  by  SV-^+O  and  polyoma  t\:imor  RNA's,  an 
additive  saturation  experiment  was  done.   In  the  presence  of  a  saturating 
amount  of  SV-UO  tumor  RNA  {%   Of  the  DNA)  an  additional  2'^o  {l^o   of  the  hamster 
DNA)  could  be  covered  when  an  excess  of  H^  polyoma  tumor  RNA  was 
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added.   The  conclusion  from  these  latter  experiments  is  that  while  the  ham- 
ster tumor  RNA's  saturated  the  saune  numerical  fraction  of  hamster  DNA 
(viz.  5^),  the  polynucleotide  sequences  involved  are  not  identical.   That  is 
to  say,  the  t\amor  RNA's  share  a  major  fraction  of  their  polynucleotide  se- 
quences with  one  another  and  a  smaller  fraction  is  "unique"  for  a  given  tumor. 

B.   Characteristics  of  virus-specific  RWA  prepared  from  adenovirus  trans- 
formed cells. 

Virus-specific  RNA  was  prepared  from  Ad-12  and  Ad-7  transformed  hamster  cells 
by  recovering  the  RNA  reacting  with  Ad-12  or  Ad-7  virus  DNA  immobilized  on  a 
nitrocellulose  filter.  Virus-like  RNA  exhibited  a  high  degree  of  specificity 
during  the  course  of  subsequent  hybridization  experiments.  Virus  specific 
RNA,  prepared  from  an  Ad-12  tumor,  reacted  well  with  immobilized  Ad-12  DNA, 
to  a  small  extent  with  Ad-7  DNA,  and  not  at  all  with  Ad-2,  Ad-3,  and  Syrian 
hamster  DNA'a  Similar  results  were  observed  if  the  reaction  of  Ad-12  specific 
tumor  RNA  with  Ad-12  virus  DNA  was  competed  with  unlabeled  Ad-2,  Ad-3,  Ad-7, 
Ad-12,  E.  coli,  and  Syrian  hamster  DNA's. 

Little  is  known  concerning  the  extent  of  virus  integration  into  a  mammalian 
cell.   Is  the  entire  adenovirus  genome,  for  example,  present  in  a  trans- 
formed cell?  One  experiment  which  may  shed  some  light  on  this  question  is 
the  determination  of  the  degree  of  virus  specific  expression  in  transformed 
cells.  Nitrocellulose  filters,  containing  small  amounts  of  C-"-* -labeled  Ad-7 
virus  DNA  were  added  to  increasing  eunounts  of  randomly  labeled  P^^  Ad-7 
transformed  cell  RNA.   The  results  of  this  experiment  indicate  that  33'^  of 
the  Ad-7  genome  is  transcribed  in  a  transformed  hamster  cell.  Whether  the 
remaining  67^  of  the  Ad-7  DNA  is  absent  in  the  tumor  cell  or  is  being 
"repressed"  cannot  be  ascertained  at  this  time. 

Significance  to  Bio-medical  Research  and  the  Prograin  of  the  Institute 

The  biochemical  and  biophysical  differentiation  of  normal  from  virally  trans- 
formed cells  by  demonstrating  unique  alterations  in  the  nucleic  acids  of  the 
transformed  cells  provides  a  means  for  positive  identification  of  the  viral 
agent  involved.   Should  these  procedures  prove  to  be  generally  applicable, 
human  tumors  could  be  investigated  for  specific  genetic  material  induced  by 
infection  with  one  of  the  many  candidate  oncogenic  viruses.   The  definitive 
demonstration  of  the  role  of  specific  viral  agents  in  human  oncogenesis  would 
provide  much  needed  information  for  a  rational  approach  to  cancer  chemothera- 
py and  to  cancer  prevention.   The  characterization  of  the  nature  of  the  bio- 
chemical interaction  between  oncogenic  virus  and  host  cell  is  basic  informa- 
tion necessary  for  the  comprehension  of  the  complex  process  of  viral  onco- 
genesis. 

Proposed  Course  of  the  Project 

Experiments  will  be  carried  out  to  characterize  more  fully  the  region  of  Ad-7 
virus  DNA  which  is  expressed  in  a  trajisformed  cell.   Comparisons  will  be  made 
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with  this  virus-specific  RMA  and  virus  specific  RMA's  transcribed  in  other 
oncogenic  hamster  lines.  Additional  methods  will  be  investigated  to  deter- 
mine the  precise  relationship  of  transforming  virus  to  host  cell  genetic 
material. 

Honors  and  Awards:   None 

Publications: 

Martin,  M.  A.,  and  Hoyer,  B.  H. :  Adenine  plus  thymine  and  guanine  plus  cyto- 
sine  enriched  fractions  of  animal  DWA's  as  indicators  of  polynucleotide  homo- 
logies.  J.  Mol.  Biol.  27:  113-120,  July  I967. 

Brenner,  D.  J.,  Martin,  M.  A.,  and  Hoyer,  B.  H. :  DWA  homologies  among  some 
bacteria.   J.  Bacterid .  9^4-:  486-^8?,  August  I967. 


13 


Serial  No.  NIAID-8OB 

1.  Biology  of  Viruses 

2.  Biophysical  &  Biochemical 

3.  Bethesda,  Maryland 


PHS-WIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  I968 

Project  Title:   Polynucleotide  Homologies  among  Virus  or  Cellular  RWA's 
and/ or  DWA's 

Previous  Serial  Number:   Same 

Principal  Investigator:   Dr.  Bill  H.  Hoyer 

Other  Investigators:  Dr.  David  Axelrod 

Dr.  Malcolm  A.  Martin 

Cooperating  Units:   Biophysics  Section,  Department  of  Terrestrial  Magnetism, 
Carnegie  Institution  of  Washington,  Washington,  D.  C. 
Dr.  Norman  McCullough,  LBD,  NIAID,  200 
Dr.  Nathaniel  Young,  Laboratory  of  Clinical  Pathology, 
Clinical  Center 

Man  Years : 


NIAID 

Other  NIH 

Guest 

TOTAL 

Lab.  Staff 

Personnel 
Assigned  to 
Project 

Workers 

Total: 

Professional: 

Other: 

48/12 
12/12 
36/12 

15/12 
9/12* 
6/12 

0 
0 
0 

63/12 
21/12 
42/12 

*Laboratory  of  Clinical  Pathology  (poliovirus  RNA  project) 

Project  Description: 

Objectives: 

To  examine  the  homologies  among  genetic  materials  of  RNA  viruses  and  to  de- 
velop means  of  examining  these  polynucleotide  sequence  similarities  or  dif- 
ferences. Also  to  determine  DNA-DNA  and  DNA-RNA  relationships  among  bacteria, 
viruses,  or  animal  cells  and  to  extend  and  critically  examine  the  meaning  and 
means  of  observation  of  these  relationships. 

Methods  Employed: 

1.   The  nitrocellulose  filter  technique,  as  previously  described,  was 
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used  to  further  examine  the  bacterial  DNA  relationships  to  be  reported. 
In  this  technique,  dissociated,  single  strands  of  DWA  are  anchored  to 
nitrocellulose  membranes  and  used  as  indicators  for  their  reassociation 
with  homologous,  radiolabeled,  single- stranded  DWA  fragments.   Heterolo- 
gous and  homologous,  non- labeled  DWA  fragments  are  added  to  the  reaction 
mixtures  to  observe  their  effects  on  the  reaction  of  the  radiolabeled 
fragments  with  the  anchored  DWA. 

2.  RWA  virus  homology  was  examined  by  observing  the  effect  of  parental 
poliovirus  MA  (+)  on  the  degree  of  double  strand  reformation  of  DMSO 
"melted",  radiolabeled  poliovirus  double  stranded  RWA  (+)(-)  under 
annealing  conditions.   (+)  RNA  was  phenol  extracted  from  purified  polio- 
virus concentrates  obtained  by  growth  in  HeLa  cell  cultures,  centrifuga- 
tion,  and  chromatography  on  DEAE-cell\ilose.   (+)(-)  radiolabeled  RWA  was 
obtained  by  exposing  HeLa  cells,  infected  at  high  multiplicity,  to 
P^^Oh=  in  the  presence  of  actinomycin  D.  At  6-8  hours  postinfection  the 
cells  were  harvested  and  RWA  was  prepared  by  phenol  extraction.   The  RWA 
was  then  chromatographed  on  cellulose  columns  in  the  presence  of  decreas- 
ing amounts  of  ethanol.   The  RWA  which  is  eluted  from  such  columns  in 
buffer  alone  is  double  stranded  RWA.   The  double-stranded  RWA  may  be 
separated  into  (+)  and  (-)  strands  by  treatment  with  DMSO.  At  concentra- 
tions of  about  0,01  |ag/ml,  little  reassociation  of  the  melted,  double 
stranded  RWA  takes  place  in  two  hours  at  68Pc  in  2.25  x  SSC.   The  cri- 
terion of  reannealing  is  resistance  to  hydrolysis  by  40  Hg/ml  of 
pancreatic  RWAase  as  observed  by  precipitability  in  '^%   TCA,  When  homolo- 
gous (+)  RWA,  2  M-g/ml,  is  added  to  the  melted  (+)(-)  radiolabeled  RWA, 
about  50^  of  the  radioactivity  is  precipitable  with  5'^  TCA  after  RWAase 
treatment.   The  effect  of  (+)  unlabeled  RWA  from  the  three  types  of 
poliovirus  ( includingtwo  strains  of  type  l)  were  observed  and  a  hetero- 
logous/homologous  effect  determined. 

3.  Reverse  phase  column  chromatography,  developed  at  Oak  Ridge  by 
Kellmers  and  co-workers,  has  been  highly  successful  in  separating  the 
various  transfer  RWAs  from  bacterial  and  animal  sources.   The  transfer 
RWAs  are  all  about  the  same  molecular  size  and,  therefore,  secondary 
structure  and  composition  must  be  the  basis  of  separation.   These  col- 
umns have  a  very  large  capacity  (5OO  mg  per  10  x  2^00  mm  column)  and, 
thus,  appeared  to  have  potential  application  to  examination  of  the  other 
RWAs  and  DWAs.   The  column  consists  of  sized  diatomaceous  earth  treated 
with  non-wettable  dichlorodimethylsilane.   The  non-wettable  particles  are 
treated  with  a  (+)  charged  quaternary  amine  in  an  organic  solvent.   This 
puts  (+)  charges  on  the  particles  and  surrounds  them  with  a  layer  of 
organic  solvent.  When  suspended  in  an  aqueous  buffer  there  is  a  solid, 
organic  phase,  water  phase  formed.   In  low  salt  buffers  the  transfer  RWAs 
and,  as  we  have  demonstrated,  cellular  RWAs  and  DWAs  are  adsorbed.   These 
components  are  eluted  quantitatively  when  exposed  to  linearly  increasing 
gradients  of  sodium  chloride.   Therefore,  separation  of  major  cellular 
nucleic  acids  may  be  effected. 
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Major  Findings: 

A.  DNA  of  Brucella  organisms 

Recent  reports  have  indicated  some  highly  non  specific  DNA  polynucleotide 
interactions  sunong  bacterial  DWAs  with  high  guanine  plus  cytosine  (G  +  C) 
contents  when  the  interaction  are  examined  under  usual  conditions.   Therefore, 
the  close  relationships  previously  indicated  among  the  Brucella  DNAs  may  have 
been  adventitious  because  of  their  high  G  +  C,  56-58  mole  %,  content.   There- 
fore, DNAs  from  Bordetella  bronchisepticus ,  Alcaligenes  fecalis,  and  Serratia 
marcesens  which  have  been  considered  to  be  taxonomically  related  to  Brucella 
organisms  and  which  have  G  +  C  contents  of  58-66  mole  %  were  examined  as  com- 
petitors in  the  Brucella  DNA-DNA  interactions.   No  competitive  effect  was 
foiond  and,  therefore,  the  specificity  of  the  Brucella  polynucleotide  reactions 
are  substantiated  and  a  complete  lack  of  adventitious  homology  is  indicated. 
Also,  the  validity  of  previous  taxonomic  reasoning  in  removing  the  genus 
Brucella  from  relationship  with  the  above  bacteria  is  substantiated. 

B.  RNA-RNA  homologies  of  polioviruses 

Radiolabeled,  double  stranded  RNAs  of  type  1  (Brunhilde,  Mahoney),  type  2 
(MEF-1)  and  type  3  (Leon)  have  been  melted  and  reciprocally  tested  with  their 
respective  unlabeled  homologous  (+)  RNA  strands  and  with  the  heterologous  (+) 
strands  for  comparative  annealing.   Results  are  presented  in  the  following 
table : 

Single  stranded  RNA  (+) 


double  stranded 
(+)(-)  RNA 

Type  1 
Brunhilde 

Type  1 
Mahoney 

Type  2 
MEF-1 

Type  3 
Leon 

Type  1 
Brunhilde 

1.00 

.73 

.26 

.31 

Type  1 
Mahoney 

.7h 

1.00 

.26 

.3^ 

Type  2 
MEF-1 

.28 

ND 

1.00 

.18 

Type  3 
Leon 

.38 

ND 

.26 

1.00 

In  addition  (+)  RNA  from  heterologous  types  were  mixed  and  examined  for  ad- 
ditive effects.   None  were  observed.  Also,  normal  host  cell  RNA  and  (+)(-) 
RNA  from  MS2  bacteriophage  (about  the  same  base  composition  as  poliovirus  RNA) 
had  no  effect  on  reannealing  of  (+)(-)  poliovirus  RNA. 

These  results  indicate  that  from  l/k   to  1/3  of  the  poliovirus  genome  has  been 
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conserved  and  that  there  are  major  differences  in  the  genetic  material  of 
these  viruses.   Indeed  there  is  a  detectable  and  reciprocal  difference  be- 
tween the  two  strains  of  poliovirus  type  11   If  the  polioviruses  were  bacteria 
the  differences  among  types  would  place  them  in  different  general 

C.  Reverse  phase  chromatography  of  RNA  and  DMA 

First  it  was  determined  that,  by  increasing  the  salt  concentrations  beyond 
those  needed  to  elute  the  transfer  RNAs,  both  DNA  and  other  cellular  RNAs 
could  be  eluted  characteristically  and  reproducibly.   The  order  of  elution 
(with  increasing  salt  concentration)  is  the  bulk  of  transfer  RNAs,  ribosomal 
RNA  (iftsfirst  and  2& second  with  some  overlap),  single  stranded  DNA,  double 
stranded  DNA,  and  double  stranded  poliovirus  RNA  (in  about  the  same  region  as 
double  stranded  DNA). 

In  one  minute  pulse  labeled,  exponentially  growing  E.  coli,  the  highest  ratio 
of  radioactivity  to  optical  density  at  260  m|j  was  found  in  the  regions  eluting 
with  high  salt.   Therefore  a  partial  separation  of  "messenger  RNA"  is  indi- 
cated. 

Most  interesting,  perhaps,  is  the  ability  to  follow  in  detail  the  process  of 
DNA  reassociation.   E.  coli  DNA  was  melted  by  exposure  to  high  pH.   At 
various  stages  of  the  reassociation,  _i  £,  0  time,  about  10"^,  30^0   and  33%,   the 
DNA  was  examined  on  the  column.  At  6  time  a  single  peak  eluting  in  low  salt 
was  observed.  At  95"^  reassociation  a  single  peak  eluting  at  high  salt  and 
slightly  skewed  toward  low  salt  was  found.   At  the  intermediate  stsiges,  both 
low  and  high  salt  peaks  were  observed  in  proportion  to  the  eunount  of  reas- 
sociation.  However,  the  process  was  not  all  or  nothing  and  intermediate 
elution  behavior  was  observed.   Thus,  the  qualitative  and  quantitative  aspects 
of  reassociation  may  be  studied.   In  addition,  preliminary  experiments  have 
indicated  that  the  process  of  reassociation  of  the  more  complex  animal  DNAs 
may  be  followed.  As  expected,  very  little  product  indicating  complete  rea- 
ssociation was  indicated.   The  ability  to  detect  DNA-RNA  hybrids  was  also 
indicated. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute 

The  specificity  of  the  Brucella  DNA-DNA  interactions  indicated  by  studies  of 
bacteria  with  similar  G  +  C  contents  indicates  that  confidence  may  be  placed 
in  the  observations  that  the  genus  Brucella  comprises  a  very  closely  related 
group  of  bacteria  genetically.  Also  it  strengthens  the  previously  reported 
observation  that  Br.  ovis  is  a  naturally  occurring  deletion  with  unique 
serology  and  pathogenicity.   The  relationships  of  the  infective  process  to 
genetic  composition  is,  therefore,  open  to  defined  scrutiny. 

Most  exciting  is  the  success  of  poliovirus  RWA-RNA  comparisons.   These  studies 
open  up  the  horizons  for  complete  genetic  examination  of  the  RNA  viruses  from 
an  entirely  novel  viewpoint.   The  hodge-podge  of  arbovirus  relationships  may, 
hopefully,  now  be  unravelled;  it  is  interesting  that  this  problem  was  initi- 
ated because  of  an  interest  in  arbovirology  (Drs.  Carl  Johnson  and  Nathaniel 
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Young).   The  genetic  variation  of  wild  and  avirulent  types  of  a  given  virus 
(polio?)  may  be  definitively  examined  and  the  rate  of  change  of  viral  genomes 
may  be  studied  if  reference  low  and  high  passage  virus  pools  are  examined. 
Too,  it  is  indicated  that  a  portion  of  the  RNA  is  conserved.   By  studies  such 
as  those  done  by  Maisell  on  viral  proteins  it  may  be  possible  to  determine 
what  the  conserved  portion  may  be.  Also  it  will  be  extremely  interesting  to 
determine  if  there  is  a  conservation  of  a  portion  of  the  RNA  of  other  picor- 
naviruses.   Last  but  not  least,  this  approach  appears  to  have  potential  for 
the  detection  of  viral  RNAs  in  human  tumors;  the  (+)(-)  strands  from  known 
viruses  could  be  mixed  with  RNA  extracted  from  tumors  to  see  if  any  effect  on 
reannealing  takes  place. 

Ability  to  exajnine,  with  reverse  phase  chromatography,  the  cellular  RNAs  and 
DWAs  and  their  reassociation  products  opens  up  the  further  study  of  total 
RNAs  from  virus  infected,  transformed  and  differentiating  cells. 

Proposed  Course  of  the  Project 

Dr.  Nathaniel  Young  will  continue  to  study  the  RNA  viruses  with  the  aim  of 
extending  the  observations  to  other  viruses,  improving  the  technique,  and 
studying  the  variation  of  a  virus  with  passage.   The  avirulent  polioviruses 
and  their  parents  are  high  on  the  priority  list. 

Work  will  continue  on  the  reverse  phase  columns  with  particular  emphasis  on 
their  use  in  DNA-RNA  interactions  in  normal,  transformed,  and  infected  cells. 

Honors  and  Awards : 

Invited  participant.  Conference  on  Cytoplasmic  Nucleic  Acids,  sponsored 
Carnegie  Institution  of  Washington,  Vannevar  Bush  Retreat,  Oakland,  M., 
May  1967. 

Invited  lecturer  in  special  international  course  "Methods  in  Human  Biology", 
Wayne  State  University,  April  1968, 

Publications: 

Hoyer,  B.  H. ,  and  Roberts,  R.  B. :   Studies  of  nucleic  acid  interactions  using 
DNA-Agar.   In  Taylor,  J.  H.  (Ed.):   Molecular  Genetics.   New  York,  N.  Y. , 
Academic  Press,  I967,  vol.  12,  pp.  i+25-i+79. 

Hoyer,  B.  H. ,  and  McCullough:   Polynucleotide  homologies  of  Brucella  deoxyri- 
bonucleic acids.   J.  Bacteriol.  95:   Ul+U-UUS,  Feb.  I968. 

Brenner,  D.  J.,  Martin,  M.  A.,  and  Hoyer,  B.  H. :  Deoxyribonucleic  acid  homo- 
logies BJnong  some  bacteria.   J.  Bacteriol. 9^:  hQG-kQj ,   Aug.  I967. 
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Project  Description: 

Objectives 

To  understand  the  structural  features  of  actinomycin  which  are  required  for 
biological  activity  of  the  antibiotic.   To  develop  actinomycin  derivatives 
with  reduced  toxicity  but  unaltered  antitumor  activity. 

Methods  Employed 

Actinomycins  were  isolated  by  differential  precipitation  and  chromatography 
from  culture  filtrates  of  Streptomvces  incubated  in  medium  containing  pipe- 
colic  acid.   The  effect  of  the  antibiotics  on  the  synthesis  of  macromolecules 
in  bacteria  and  tissue  culture  cells  as  well  as  in  vitro  was  measured  by 
radioisotope  incorporation  studies.   Virus  replication  in  the  presence  of 
the  drugs  was  determined  by  plaque  assays.   The  binding  of  actinomycin  to 
DNA  v/as  analysed  by  different  spectroscopy  and  thermal  denaturation  measure- 
ments. 
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Major  Findings 

In  the  presence  of  exogenous  pipecolic  acid  several  new  actinomycins  were 
synthesized  and  70%  of  the  proline  in  the  antibiotic  mixture  was  replaced  by 
the  analogue.   Three  new  antibiotics  (designated  Pip  la,  Pip  ip  and  Pip  2) 
were  isolated  from  culture  filtrates.  The  molar  ratio  of  pipecolic  acid  to 
proline  was:   Pip  lof,  1:0,  Pip  ip,  1:1;  Pip  2,    2:0.   These  compounds  inhibit- 
ed the  growth  and  cell  division  of  gram-positive  but  not  gram-negative  bac- 
teria.  The  relative  inhibitory  activity  against  bacteria,  Escherichia  coll 
DNA-dependent  RNA  polymerase  in  vitro,  and  RNA  synthesis  in  B.  subtllis  and 
mouse  L-929  cells  was:  actinomycln  D  =  Pip  ip>  Pip  2>  Pip  la.   Protein 
synthesis  in  B.  subtllis  was  less  affected  while  DNA  synthesis  was  inhibited 
only  at  higher  concentrations  of  antibiotic.   In  L-cells  DNA  formation  was 
reduced  less  than  RNA  synthesis,  whereas  protein  synthesis  was  not  blocked 
under  the  experimental  conditions  employed.   Kinetic  studies  with  B.  subtllis 
revealed  that  RNA  synthesis  was  Inhibited  rapidly  followed  by  an  inhibition 
of  protein  synthesis.   All  four  antibiotics  markedly  inhibited  the  replica- 
tion of  vaccinia  virus  and  reovirus  in  tissue  culture  cells,  but  the  produc- 
tion of  poliovirus  was  resistant  to  the  antibiotics.   These  actinomycins 
bind  to  DNA  resulting  in  an  elevation  of  its  Tm  and  decrease  in  the  peak 
extinction  of  the  actinomycins.   However,  thermal  denaturatlon  changes  and 
difference  spectra  alone  do  not  permit  one  to  predict  the  biological  effec- 
tiveness of  an  actinomycln  preparation.   Preliminary  investigations  indicate 
that  the  LDcq  in  mice  is:  actinomycln  D,  0.7  mg/kg  and  Pip  ip,  4.9  mg/kg. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute 

Actinomycins  have  been  used  to  study  RNA  synthesis  in  a  variety  of  biological 
systems.   Interpretation  of  the  results  has  often  been  difficult  because  of 
the  side  effects  of  the  drugs.   Similarly,  the  value  of  these  compounds  as 
anticancer  agents  is  limited  because  of  their  high  toxicity.   In  the  present 
work  one  of  the  actinomycln  derivatives  obtained  has  biological  activity  in 
bacteria  and  tissue  culture  cells  comparable  to  that  of  actinomycln  D  but 
its  LD_„  in  mice  is  7-10-fold  lower. 

Proposed  Course  of  the  Project 

The  effectiveness  of  the  pipecolic  acid-containing  actinomycins  as  antitumor 
agents  in  mice  will  be  studied. 

Honors  and  Awards:   None 

Publications: 

Formica,  J.  V.,  Shatkln,  A.  J.,  and  Katz,  E. :  Actinomycln  Analogues  Contain- 
ing Pipecolic  Acid:   Relationship  of  Structure  to  Biological  Activity.   J. 
Bacteriol.,  in  press. 
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Project  Description: 

Objectives: 

To  establish  the  chemical  composition  and  physical  structure  of  a  virus 
genome  and  to  relate  these  to  biological  function. 

Methods : 

Reoviruses  of  all  three  serotypes  were  grown  in  tissue  culture  cells  and 
purified  by  isopycnic  sedimentation  in  CsCl.   Virus  RNA  was  extracted  with 
phenol  and  purified  by  methylated  albumin-kieselguhr  column  chromatography 
and  CS2SO4  equilibrium  centrifugation.   RNA  base  composition  was  analysed  by 
paper  electrophoresis.   To  determine  the  size  and  structure  of  the  viral 
genome,  several  approaches  were  used  including  sucrose  density  gradient 
centrifugation,  velocity  sedimentation  analysis  in  the  analytical  ultra- 
centrifuge,  polyacrylamide  gel  electrophoresis,  absorbance  spectrophotometry, 
thermal  melting,  and  enzymatic  digestion.   Function  tests  for  in  vitro 
messenger  activity  were  done  with  bacterial  extracts;  amino  acid  acceptor 
activity  was  tested  with  both  bacterial  and  rat  liver  extracts. 


21 


Serial  No.  NIAID-80E 
Major  Findings 

Purified  reoviruses  of  all  three  serotypes  were  found  to  contain  both  double- 
stranded  RNA  and  a  single-stranded  RNA  rich  in  adenylic  acid.   The  duplex 
RNA  has  a  total  molecular  weight  of  15  x  10°  daltons.   It  consists  of  10 
unique  segments  which  may  be  linked  within  the  virion  but  are  isolated  as 
separate  fragments.   There  are  3  large  segments  (2.5  x  10°  daltons),  3  inter- 
mediate pieces  (1.5  x  10  daltons)  and  4  small  lengths  of  RNA  (0.8  x  10° 
daltons) .   The  helical  RNA  had  no  t-RNA  activity  and  did  not  stimulate  amino 
acid  incorporation  in  vitro.   However,  after  heat-denaturation  it  was  nearly 
as  effective  a  messenger  as  MS-2  bacteriophage  RNA.   This  finding  indicates 
that  it  may  be  possible  to  analyse  the  arrangement  of  information  in  the 
reovirus  genome  by  testing  the  individual  RNA  segments  in  vitro. 

The  adenine-rich  RNA  comprises  257o  of  the  total  viral  RNA  but  the  isolated 
polymer  is  only  about  15  nucleotides  in  length.   It  also  failed  to  bind 
amino  acids  and  had  no  messenger  activity.   The  possibility  that  the  adenine- 
rich  RNA  links  the  double-stranded  RNA  lengths  was  tested  by  annealing 
experiments.   No  evidence  for  such  a  function  was  obtained,  and  the  role  of 
the  small  polymer  in  the  replicative  cycle  of  reoviruses  is  unknown. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute 

Detailed  knowledge  of  the  structure  and  function  of  the  nucleic  acid  of 
viruses  will  provide  information  concerning  the  ways  in  which  viruses  re- 
direct the  metabolism  of  cells. 

Proposed  Course  of  the  Project 

The  messenger  function  of  the  separated  segments  of  reovirus  RNA  will  be 
studied  in  vitro.   The  products  will  be  compared  to  the  proteins  present  in 
an  effort  to  determine  the  distribution  of  information  among  the  genome 
segments  of  reoviruses. 

Honors  and  Awards: 

Invited  to  speak  at  Stanford  University  School  of  Medicine,  October,  1967. 

Invited  to  give  a  seminar  at  the  University  of  California  School  of  Medicine 
in  San  Francisco,  October,  1967. 

Invited  to  give  a  lecture  at  Georgetown  Medical  School,  Washington,  D.C., 
September,  1967. 

June  10-14,  1968:   Gordon  Research  Conference,  Animal  Cells  &  Viruses,  Hold- 
er ness,  New  Hampshire. 
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Publications: 

B.  Rada,  and  A.  J.  Shatkin:   The  Inhibitory  Effect  of  6-Azauridine  on  Reo- 
virus  Multiplication.   Acta  Virol.  11:  551-553,  November,  1967. 

A.  J.  Shatkin  and  Jean  Sipe:   Single-stranded,  Adenine-rich  RNA  from  puri- 
fied reoviruses.   Proc.  Natl.  Acad.  Sci.  59:  246-253,  January,  1968. 

A.  J.  Shatkin:   Replication  of  Reovirus.  Adv.  in  Virus  Research,  in  press. 
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Project  Description: 

Obiectives- 

To  analyse  and  characterize  the  structural  proteins  of  the  three  serotypes 
of  reoviruses  and  to  relate  these  components  to  a)  the  morphologic  anatomy, 
b)  the  immunological  character  and  c)  the  RNA  genome  of  the  virus. 

Methods  Employed 

Reoviruses  were  isolated  from  mouse  tissue  culture  cells  and  purified  by 
CsCl  density  gradient  centrifugation.   Radioactive  virus  was  also  prepared 
with  appropriate  isotopically-labeled  precursors.   Virus  samples  were  solu- 
bilized  by  treatment  with  sodium  dodecylsulfate  (SDS) ,  mercaptoethanol  and 
urea.   Electrophoretic  analysis  was  performed  in  polyacrylamide  gels.   Immu- 
nological characterization  was  by  the  double  diffusion  methods  of  Ouchte- 
longy,  and  structural  features  were  examined  by  electron  microscopy.   RNA 
and  protein  determinations  were  by  standard  colorimetric  procedures. 
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Major  Findings 

1.  The  proteins  of  the  complete  virion.   Highly  purified  virions  of  each 
serotype  were  treated  with  SDS,  mercaptoethanol,  and  urea  and  the  resulting 
solution  was  fractionated  by  electrophoresis  in  polyacrylamide  gels.   The 
solubilized  protein  of  each  serotype  included  three  major  components.   Sero- 
types 1  and  2  also  contained  4  minor  bands  and  serotype  3,  only  3  minor  bands. 
The  patterns  obtained  by  staining  the  gels  were  corroborated  using  radioac- 
tive virus.   The  distribution  of  the  major  proteins  was  as  follows:  the 
slowly  migrating  band  =  217o,  intermediate  =  417o  and  the  fast  band  =  387o. 
Immunodiffusion  tests  of  the  solubilized  proteins  indicated  that  the  type 
specificity  was  lost  following  this  treatment. 

2.  Selective  degradation  of  the  virion.   The  reovirus  particle  consists 

of  3  morphologically  distinct  structures:  the  outer  capsid,  the  inner  struc- 
tural layer,  and  the  ribonucleoprotein  core.   Of  the  many  procedures  tested 
in  an  effort  to  remove  the  outer  layer  selectively,  the  most  effective 
method  was  brief  treatment  with  urea  in  the  cold.   Subviral  particles  obtain- 
ed by  this  method  could  be  separated  from  complete  virions  by  isopycnic 
centrifugation.   The  density  of  complete  virus  in  CsCl  is  1.37  g/cm  and  of 
the  subviral  structure  1.46  g/cm  .   Electron  microscopic  examination  revealed 
that  the  urea-treated  particles  were  similar  in  size  and  structure  to  the 
inner  component  of  the  complete  virion.   Polyacrylamide  gel  electrophoresis 
of  SDS-degraded  subviral  particles  (both  unlabeled  and  radioactive  prepara- 
tions) showed  that  only  two  major  components  remained.   The  predominant, 
intermediate  band  and  the  several  minor  components  were  missing.   A  com- 
parison of  the  protein  and  RNA  composition  of  the  complete  and  subviral 
particles  indicated  that  only  307o  of  the  viral  protein  remained  in  the  latter 
after  urea  treatment.   In  contrast,  80-907,  of  the  viral  RNA  remained  in  the 
subviral  particles.   Furthermore,  base  composition  of  the  RNA  from  urea- 
treated  preparations  resembled  that  of  complete  virus  demonstrating  that 
both  the  double-stranded  RNA  and  single-stranded  adenine-rich  RNA  were  pre- 
sent. Attempts  to  demonstrate  infectivity  with  subviral  particles  were 
unsuccessful . 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute 

An  understanding  of  the  protein  composition  of  viruses  will  provide  informa- 
tion about  virion  structure  and  serological  specificity.   Isolation  of  immu- 
nologically active  proteins  may  lead  to  new  methods  which  facilitate  virus 
identification  and  contribute  to  the  development  of  more  effective  vaccines. 

Proposed  Course  of  the  Project 

The  composition  of  the  individual  proteins  of  the  various  serotypes  will  be 
studied. 

Honors  and  Awards :   None 

Publications:   None 
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Project  Description: 

Objectives 

Understand  the  mechanisms  involved  in  the  inhibition  of  cell  protein 
synthesis  and  initiation  of  viral  protein  synthesis. 

Investigate  the  regulatory  mechanisms  involved  in  sequential  gene  expression 
during  the  viral  replicative  cycle. 

Methods  Employed 

The  interaction  of  vaccinia  virus  with  animal  cells  ip  suspension  culture 
was  chosen  as  a  model  system.   Vaccinia  is  grown  in  HeLa  S3-1  cells  and 
purified  by  a  sequence  of  differential  centrifugation  and  sucrose  density 
gradient  sedimentation.   Plaque  assay  of  vaccinia  is  done  on  monolayers  of 
chick  embryo  fibroblasts  or  HeLa  cells.   Protein  and  RNA  synthesis  in  infect- 
ed cells  is  measured  by  incorporation  of  radioisotopic  precursors.   Macro- 
molecules  are  fractionated  by  gel  filtration,  zonal  centrifugation  through 
sucrose  density  gradients,  and  polyacrylamide  gel  electrophoresis.   Radio- 
actively  labeled  viral  proteins  are  further  analysed  by  conventional  immuno- 
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diffusion  and  immunodiffusion  combined  with  polyacrylamide  gel  electro- 
phoresis . 

Major  Findings 

Purified  vaccinia  virus  rapidly  inhibits  HeLa  cell  protein  synthesis.   In- 
hibition can  be  detected  within  20  minutes  after  infection.   The  time  re- 
quired for  a  complete  block  is  inversely  related  to  the  amount  of  virus 
used  to  infect  the  cells.   A  multiplicity  of  50  plaque  forming  units  per 
cell  is  sufficient  to  reduce  amino  acid  incorporation  more  than  957o  in  30 
to  60  minutes  in  the  presence  of  5  |ji.g/ml  of  actinomycin  D.   Inhibition  is 
also  established  in  the  presence  of  cycloheximide^  a  reversible  inhibitor 
of  protein  synthesis.   These  results  support  the  idea  that  the  large  complex 
virus  particle  itself  is  responsible  for  the  effect  on  cell  protein  synthesis. 
The  ability  of  heavily  ultraviolet  irradiated  virus  particles  to  stop  cell 
protein  synthesis  further  supports  the  hypothesis  that  a  functional  viral 
genome  is  not  required.   This  ability,  however,  is  lost  by  heat  or  detergent 
treatment  of  the  virus  indicating  a  requirement  for  an  undenatured,  protein 
coat. 

Under  conditions  in  which  viral  RNA  synthesis  is  prevented,  a  progressive 
reduction  in  host  polyribosome  size  accompanies  the  decline  in  host  protein 
synthesis.   These  results  combined  with  the  rapidity  of  the  inhibition 
indicate  that  a  constituent  of  the  virus  particle  or  virus  activated  host 
enzymes  affects  either  the  stability  or  function  of  host  messenger  RNA. 

Preliminary  experiments  indicate  that  vaccinia  infection  also  inhibits 
synthesis  of  proteins  coded  for  by  other  viruses. 

The  sequential  synthesis  of  vaccinia  proteins  was  followed  by  pulse-labeling 
infected  cells  with  radioactive  amino  acids  at  intervals  after  infection. 
Proteins  were  resolved  by  polyacrylamide  gel  electrophoresis  and  identified 
as  viral  either  by  immunodiffusion  or  by  comparison  with  polypeptides  obtain- 
ed by  dissociation  of  purified  vaccinia  virus  particles.   Synthesis  of 
characteristic  host  proteins  ceased  during  the  first  hours  after  infection. 
Early  viral  proteins  were  synthesized  1  to  3  hours  after  infection.   Late 
viral  proteins  were  made  from  3  to  4  hours  until  the  end  of  the  replicative 
cycle.   Only  early  proteins  were  made  in  the  presence  of  5-f luorodeoxuridine, 
an  inhibitor  of  DNA  synthesis.   An  important  finding  was  that  all  late  viral 
protein  are  not  induced  simultaneously.   At  least  one  late  protein  has  been 
identified  that  is  synthesized  prior  to  that  of  other  late  proteins  and  at 
a  maximal  rate  as  early  protein  synthesis  declines.   Kinetic  experiments 
indicated  that  this  protein  is  not  a  precursor  of  other  late  proteins.   The 
vaccinia  virion  was  found  to  be  composed  of  at  least  23  polypeptide  chains. 
However,  at  all  times  during  infection,  proteins  are  made  which  are  not 
identical  to  structural  proteins.   The  function  of  these  proteins  is  not 
known. 
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Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute 

Detailed  knowledge  of  how  viruses  dominate  the  metabolism  of  their  host 
cells  and  regulate  their  own  biosynthetic  activities  will  provide  a  basis 
for  rational  chemotherapy  and  will  suggest  control  mechanisms  operative  in 
uninfected,  transformed,  and  differentiating  cells. 

Proposed  Course  of  the  Project 

Work  will  continue  on  the  characterization  of  macromolecules  synthesized 
at  different  times  during  vaccinia  replication.   The  effects  of  various  drugs 
which  inhibit  virus  formation  will  be  studied.   Attempts  will  be  made  to 
define  the  molecular  basis  for  the  inhibition  of  cell  protein  synthesis  by 
in  vitro  studies.   The  protein  synthesizing  systems  in  infected  and  unin- 
fected cells  will  be  dissected  and  then  mixed  in  order  to  locate  inhibitory 
factors.   At  the  same  time  we  will  search  for  newly  synthesized  products  that 
may  be  specifically  involved  in  viral  protein  synthesis. 

Honors  and  Awards: 

Invited  lecture  at  Cancer  Institute,  Philadelphia,  Pa.,  February,  1968. 

Publications:   None 
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Project  Description: 

Objectives 

To  study  the  interaction  of  vaccinia  virus  and  cultured  animal  cells.   To 
analyze  the  series  of  events  which  initiate  the  infective  process,  and  to 
study  the  mechanisms  involved  in  the  synthesis  of  the  viral  nucleic  acid 
and  viral  proteins.   To  note  alterations  in  the  metabolism  of  virus  infect- 
ed cells  as  a  means  of  understanding  both  the  infective  process  and  the 
biosynthetic  pathways  and  control  mechanisms  in  uninfected  cells. 

Methods  Employed 

1.  Growth  of  cells  in  suspension  culture. 

2.  Plaque  assay  of  vaccinia  virus  on  chick  embryo  monolayers. 

3.  Extraction  of  viral  and  cellular  RNA, 

4.  Fractionation  of  RNA  by  sucrose  gradient  centrifugation. 
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5.  Immunodiffusion  combined  with  radioautography. 

6.  Paper  electrophoresis  of  ribonucleotides. 

7.  Determination  radioactivity  by  planchet  and  liquid  scintillation 
counting. 

Major  Findings 

Properties  of  viral  messenger  RNA  (m-IlNA) .   In  vaccinia  infected  cells,  60% 
of  the  viral  directed  RNA  is  associated  with  polyribosomes,  and  the  remain- 
der sediments  in  the  30-74S  region.  When  vaccinia  infected  cells  are  treated 
with  actinomycin  at  6  hours  postinfection  (PI)  or  later,  60-707o  of  the  poly- 
ribosomes are  degraded  with  a  half-life  of  13  min.,  and  a  corresponding 
amount  of  viral-directed  RNA  is  rendered  acid-solubile  at  the  same  rate.   In 
contrast,  the  viral  m-RNA  which  is  synthesized  at  2  hours  PI  is  considerably 
more  stable  and  decays  with  a  half-life  of  120  min.,  comparable  to  the  value 
of  3  hours  reported  for  m-RNA  of  uninfected  cells.   While  30%  of  the  poly- 
ribosomes remain  after  exposure  to  actinomycin  and  have  the  same  sedin^nta- 
tion  characteristics  as  before  exposure  to  actinomycin,  these  polyribosomes 
do  not  support  protein  synthesis.   In  contrast  to  the  rapid  decay  of  the  late 
m-RNA  in  polyribosomes,  the  viral -directed  RNA  which  sediments  in  the  30  to 
74s  region  remains  unchanged  even  after  a  2-hour  period  of  exposure  to  actin- 
omycin.  The  rate  at  which  infected  cells  lose  the  capacity  to  synthesize 
specific  viral  protein  after  exposure  to  actinomycin  D  is  consistent  with 
the  half -life  values  of  early  and  late  m-RNA  that  have  been  observed. 

The  quantity  of  viral  m-RNA  in  polyribosomes  is  sharply  reduced  late  in  the 
infectious  cycle  (9  hour  PI)  to  less  than  30/J,  of  the  2  hour  value.   However, 
protein  synthesis  proceeds  at  a  nearly  constant  rate  from  2-13  hours  PI. 
This  ability  of  small  quantities  of  late  m-RNA  to  support  as  much  protein 
synthesis  as  do  much  larger  quantities  of  early  m-RNA  is  not  an  unique  pro- 
perty of  late  m-RNA,  since  a  similar  decrease  in  viral  m-RNA  synthesis  with- 
out an  accompanying  decrease  in  viral  protein  synthesis  is  observed  when 
DNA  synthesis  is  inhibited.   Under  the  latter  condictions  only  early  viral 
m-RNA  is  synthesized. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute 

The  effect  of  viruses  on  cells,  the  manner  in  which  viruses  replicate  and 
the  effect  of  inhibitors  on  these  processes  is  of  relevence  to  an  under- 
standing of  viral  infection  and  will  suggest  new  areas  of  exploration  in 
relation  to  viral  chemotherapy.. 

Proposed  Course  of  the  Project 

Project  has  been  terminated. 
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Honors  and  Awards :   None 

Publications : 

Sebring^  E.  D.,  and  Salzman,  N.  P.:   Metabolic  Properties  of  Early  and 
Late  Vaccinia  Viral  Messenger  RNA.   J.  Virology  1,  550-558,  1967. 
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Project  Description: 

Objectives : 

To  study  isolated,  purified  metaphase  chromosomes.   To  define  the 
properties  of  the  DNA  contained  within  the  chromosomes,  and  to  define 
differences  that  exist  between  the  DNA's  of  different  chromosomes.   To 
relate  specific  cellular  functions  to  specific  chromosomal  sites. 

Methods  Employed: 

A  variety  of  cell  cultures  are  grown  either  in  suspension  culture  or  as 
cell  monolayers.   Procedures  are  employed  for  the  accumulation  of  cells  in 
metaphase  arrest.   Karotypes  of  various  cell  lines  are  determined. 
Chromosomes  are  fractionated  by  selective  filtration  and  density  gradient 
centrifugation.   Colorimetric  procedures  are  carried  out  to  measure  RNA, 
DNA  and  protein.   Use  is  made  of  double  isotope  incorporation  to  evaluate 
newly  synthesized  DNA  from  pre-existent  DNA.   DNA  is  characterized  by 
isopycnic  banding,  thermal  denaturation  and  determination  of  base 
composition. 
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Ma  lor  Findings: 

We  had  previously  described  a  procedure  whereby  an  effective  fractionation 
of  chromosomes  into  three  distinct  subgroups  was  achieved.   These  fractions 
showed  pronounced  morphologic  and  biochemical  differences.   Thermal 
transitions  and  isopycnic  banding  of  the  DNA  obtained  from  fractionated 
Chinese  hamster  chromosomes  have  not  shown  any  significant  differences  in 
the  DNA's  in  the  different  chromosome  fractions.   In  order  to  fractionate 
larger  quantities  of  chromosomes,  the  applicability  of  the  zonal  rotor  to 
chromosome  fractionation  was  investigated  in  collaboration  with  Dr.  Howard 
E.  Bond.   This  rotor  has  permitted  a  more  rapid  and  efficient  separation  of 
large  quantities  of  chromosomes.   This  now  makes  possible  a  large  number  of 
other  biological  experiments.   The  chromosome  fractionation  procedure  has 
been  applied  to  additional  mammalian  cell  lines.   The  chromosomes  in  two 
mouse  tissue  cultures  lines,  the  L929  and  3T3  lines,  can  also  be  isolated 
and  fractionated  using  the  procedure  that  we  have  previously  described. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

The  isolation  and  fractionation  of  metaphase  chromosomes  permits  the 
fractionation  of  the  cellular  DNA  in  a  meaningful  biological  manner.   This, 
in  turn,  makes  possible  the  examination  of  a  number  of  problems  which 
could  not  previously  be  approached.   Some  of  these  are  listed  below  under 
"Proposed  Course  of  the  Project."  The  chromosome  system  will  be  of  major 
importance  in  examining  the  interaction  between  oncogenic  viruses  and 
cellular  DNA. 

Proposed  Course  of  the  Project: 

1.  To  determine  the  physical  and  chemical  properties  of  DNA  extracted  from 
fractionated  metaphase  chromosomes. 

2.  To  investigate  the  division  of  biosynthetic  function  between  the 
chromosomes  of  mammalian  cells.   Specifically,  to  locate  the  cistrons 
coding  for  ribos»mal  and  transfer  RNA  in  the  DNA  extracted  from  various 
chromosome  fractions. 

3.  To  determine  the  distribution  in  different  DNA  fractions  of  the 
satellite  present  in  mouse  DNA.   To  determine  if  the  time  of  synthesis  of 
satellite  DNA  is  determined  by  its  chemical  composition  or  is  determined  by 
the  chromosomal  DNA  with  which  it  is  associated. 

4.  To  initiate  a  study  to  locate  the  site  of  incorporation  of  oncogenic 
viral  DNA  into  the  chromosomes  that  result  in  the  conversion  of  normal  to 
transformed  cells. 

Honors  and  Awards : 

Invited  lectures  at: 
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1.  University  of  Miami 

2.  The  Foundation  for  Advanced  Education  in  the  Sciences,  Inc. 

3.  University  of  Maryland 

4.  Special  Symposium,  Tissue  Culture  Association,  San  Juan,  PR 

5.  Georgetown  University 

Editor,  Journal  of  Virology 

Professorial  Lecturer  in  Microbiology,  Georgetown  University 
Member,  Ad  Hoc  Committee  on  Herpes  and  Vaccinia  Virus;  Virus  Leukemia 
Program,  NCI 


Publications : 


Mendelsohn,  J.,  Moore,  D.  E.,  and  Salzman,  N.  P.:   Separation  of 
Isolated  Chinese  Hamster  Metaphase  Chromosomes  into  Three  Size-groups. 
J.  Mol.  Biol.  32:  101-112,  1968. 

Salzman,  N.  P.:   Isolation  and  Fractionation  of  Metaphase  Chromosomes. 
In  Prescott,  D.  M.  (Ed.):  Methods  in  Cell  Physiology,  Vol.  Ill, 
New  York,  Academic  Press,  in  press. 

Salzman,  N.  P.,  and  Moss,  B. :   Analysis  of  Radioactively  Labeled 
Proteins  by  Immunodiffusion.   In  Habel,  K.,  and  Salzman,  N.  P.  (Eds.): 
Fundamental  Techniques  in  Virology,  New  York,  Academic  Press,  in  press, 

Salzman,  N.  P.:   Isolation  and  Fractionation  of  Mammalian  Metaphase 
Chromosomes.   In  Habel,  K.,  and  Salzman,  N.  P.  (Eds.):  Fundamental 
Techniques  in  Virology,  New  York,  Academic  Press,  in  press. 
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1.  Biology  of  Viruses 

2.  Biophysical  &  Biochemical 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 


Project  Title:   Chromatin  Structure 

Previous  Serial  Number:   Same 

Principal  Investigator:   Dr.  Frank  DeFilippes 

Other  Investigators:   None 

Cooperating  Units:   None 

Man  Years: 


NIAID 

Other  NIH 

Guest 

TOTAL 

Lab.  Staff 

Personnel 
Assigned  to 
Project 

Workers 

Total: 

35/12 

0 

0 

35/12 

Professional: 

12/12 

0 

0 

12/12 

Other : 

23/12 

0 

0 

23/12 

Project  Description: 

Objectives 

Elucidation  of  the  structure  and  function  of  an  RNA  associated  with  deoxy- 
ribonucleoprotein  in  mammalian  nuclei.  Also  to  obtain  "relatively  intact" 
pieces  of  DNA  from  isolated  metaphase  chromosomes. 

Methods  Employed 

Radioactive  chromatin  (deoxyribonucleoprotein)  is  prepared  by  dilute  salt 
extraction  of  purified  HeLa  cell  nuclei.   Extraneous  protein  is  removed  by 
sedimentation  through  concentrated  sucrose  solution,  followed  by  sedimenta- 
tion through  salt  solution  in  which  the  chromatin  is  relatively  insoluble. 
This  product  can  then  be  analyzed  directly  by  either  sucrose  gradient 
centrifugation  of  DEAE  column  chromatography.   Both  systems  require  the  use 
of  concentrated  solutions  of  guanidinium  HCl  or  urea  to  solubilize  the 
chromatin.   RNA  can  be  prepared  directly  from  chromatin  by  phenol  extraction 
and  analyzed  with  the  above  techniques  and  by  electrophoresis  on  polyacry- 
lamide  gels. 
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Chromosomes  with  radioactive  DNA  are  purified  by  extracting  caLcemid  induced 
metaphase  cells.   DNA  is  extracted  from  chromosomes  by  a  modification  of  the 
procedure  of  Zimm  which  utilizes  pronase  digestion  of  the  nucleoproteins  in 
specially  prepared,  large  pore  dialysis  sacks.   The  DNA  is  examined  by 
sucrose  gradient  centrifugation. 

Major  Findings 

32 
Crude  chromatin  preparations  (labeled  with   P)  which  are  purified  by  two 

cycles  of  high  speed  centrifugation  in  dilute  salt  solution  contain  equal 

amounts  of  RNA  and  DNA.   The  RNA  has  base  ratios  similar  to  ribosomal  RNA 

although  sucrose  gradient  analysis  indicates  molecules  which  are  smaller 

than  those  found  in  intact  cytoplasmic  ribosomes.   Selective  removal  of 

protein  and  RNA  can  be  .achieved  by  treating  chromatin  with  0.2M  to  0.4M 

NaCl  or  NaC104.   This  treatment  greatly  reduces  the  size  of  the  chromatin 

but  80%  or  more  of  the  DNA  counts  can  be  recovered  in  a  pellet  after  16 

hours  high  speed  centrifugation.   The  RNA  associated  with  this  DNA  has 

base  ratios  which  differ  from  ribosomal  RNA.   A  small  RNA  associated  with 

chromatin  may  also  be  isolated  and  separated  from  DNA  by  suspending  the 

chromatin  in  CsCl  and  banding  the  RNA  with  the  protein  of  the  chromatin. 

This  RNA  has  the  base  composition  C-25.47o,  A-22.27o,  G-lbAZ,   U-26.0%.   Phenol 

extraction  of  this  protein  associated  RNA  gives  a  product  which  sediments 

as  a  low  molecular  weight  species. 

The  homogeneity  of  this  species  has  not  been  tested  due  to  the  samll  amount 
isolate.   If  the  protein-RNA  mixture  isolated  from  CsCl  is  placed  on  a  DEAE 
column  (in  7M  urea)  and  eluted  with  a  different  salt  solution  then  about  half 
the  radioactive  material  elutes  with  the  protein,  with  the  remainder  being 
eluted  by  a  concentrated  salt  solution. 

Repeated  attempts  to  isolate  extremely  large  pieces  (MW>2.5xlO°,  S>80)  of 
radioactive  DNA  from  metaphase  chromosomes  have  not  been  successful.   This 
maybe  due  to  the  extraction  procedures  used  (which  were  designed  to  be  gen- 
tle), the  destruction  produced  by  the  radioisotope,  or  to  the  metaphase  DNA 
being  naturally  small.   However,  it  was  found  that  chromosomal  DNA  could  be 
easily  stripped  of  protein  and  analyzed  directly  on  sucrose  gradients  by 
layering  material  over  a  lamella  of  concentrated  salt  solution  at  pH  8  or 
above.   Practically  no  counts  were  found  as  protein  associated  aggregates 
which  sedimented  to  the  tube  bottom. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute 

A  small  RNA  which  is  found  in  chromatin  and  which  has  a  non-ribosomal  com- 
position has  been  described  by  Bonner  and  others.   The  function  of  this  RNA 
is  unknown  but  its  properties  suggest  that  it  may  be  involved  with  the  con- 
trol of  specificity  of  expression  of  genetic  material  in  normal  mammalian 
cells.   The  effect  of  virus  infection  and/or  oncogenesis  on  such  an  RNA 
would  provide  a  specific  mechanism  for  the  deterioration  of  normal  host  cell 
function. 
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An  estimate  of  the  number  of  discrete  molecules  in  a  mammalian  chromosome 
would  reduce  the  number  of  models  needed  to  understand  the  sequence  of  DNA 
replication  on  the  interphase  nucleus.   The  experimental  results  would  pro- 
vide an  upper  limit  to  the  number  of  structures  which  might  accommodate  the 
insertion  of  a  virus  genome. 

Proposed  Course  of  the  Project: 

The  mass  homogeneity  of  chromatin  RNA  with  and  without  associated  protein 
will  be  studied  by  sedimentation  analysis.   This  RNA  may  be  unique  in  that 
it  is  covalently  linked  to  protein  and  this  aspect  will  be  examined  by 
electrophoresis.   The  homogeneity  of  the  proteins  associated  with  this 
species  of  RNA  will  be  studied  by  electrophoresis  and  chromatin  reconstitu- 
tion  experiments.  Radioactive  DNA  fragments,  obtained  by  enzymatic  digestion 
of  intact  chromatin  will  be  hybridized  with  the  RNA-protein  to  see  if  specif- 
ic deoxyoligonucleotides  associate  with  the  RNA  due  to  the  presence  of  the 
protein. 

Honors  and  Awards:  None 

Publications: 

DeFilippes,  Frank  M. :   Sucrose  Gradient  Sedimentation  of  Dissociated  HeLa 
Cell  Ribosomes.   Biochim.  Biophys.  Acta.  145:  337,  1967. 
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1.  Biology  of  Viruses 

2.  Cell  Biology 

3.  Bethesda,  Maryland 
PHS-NIH 

Individual  Project  Report 
July  1,  1967  through  June  30,  1968 

Project  Title:   Properties  of  the  Nucleic  Acid  and  Protein  Components  of 
Adenovirus-Associated  Viruses 

Previous  Serial  Number:   Same 

Principal  Investigator:   Dr.  James  A.  Rose 

Other  Investigators:   Dr.  Aaron  J.  Shatkin 

Cooperating  Units:   Dr.  M.  David  Hoggan,  LID,  NIAID 

Dr.  J.  V.  Maizel,  Albert  Einstein  School  of  Medicine, 
New  York,  New  York 

Man  Years : 


NIAID 

Other  NIH 

Guest 

TOTAL 

Lab.  Staff 

Personnel 
Assigned  to 
Project 

Workers 

Total: 

21/12 

0 

0 

21/12 

Professional: 

9/12 

0 

0 

9/12 

Other: 

12/12 

0 

0 

12/12 

Project  Description: 

Adenovirus-associated  viruses  (AAV)  are  a  recently  recognized  group  of 
"defective"  animal  viruses.   AAV's  replicate  to  detectable  levels  only 
when  cells  are  also  infected  with  an  adenovirus.   Four  AAV  serotypes  have 
thus  far  been  found.   DNA's  from  the  four  AAV  serotypes  have  been  previously 
characterized  with  respect  to  certain  chemical  and  physical  properties. 

Objectives: 

1.  Physical  characterization  of  DNA's  from  AAV-2  and  -3. 

2.  Determination  of  genetic  interrelatedness  among  the  AAV  serotypes  as  well 
as  possible  genetic  relatedness  between  AAV's  and  adenoviruses. 

3.  To  investigate  biological  activity  of  AAV  DNA. 

4.  Determination  of  similarities  and  differences  among  protein  components 
from  the  AAV  serotypes.  Determination  of  similarities  and  differences  be- 
tween AAV  and  adenovirus  protein  components. 
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Methods  Employed; 

AAV's  are  produced  in  humqn  and  monkey  kidney  cells.   Viruses  are  purified 
in  CsCl  density  gradients^  and  viral  DNA's  are  extracted  by  treatment  with 
proteolytic  enzymes^  sodium  dodecylsulfate  and  phenol.   DNA's  are  thermally 
denatured  in  a  Beckman  spectrophotometer.   For  nucleic  acid  homology  studies, 
the  DNA-RNA  hybridization  technique  is  used.   Complementary  viral  RNA  is 
synthesized  in  an  in  vitro  system  containing  viral  DNA,  E.  Coli  RNA  poly- 
merase and  H^-labeled  ribonucleotide  triphosphate  precursors.   The  biological 
activity  of  AAV  DNA  is  tested  in  human  kidney  cells.   AAV-specific  protein 
synthesis  is  detected  by  an  immunof luorescent  antibody  technique,  and  AAV 
particles  are  identified  by  electron  microscopy.   Radioactive  AAV  and  adeno- 
virus proteins  are  separated  into  components  by  acrylamide  gel  electropho- 
resis. 

Major  Findings; 

1.  Thermal  melting  profiles  of  DNA's  from  AAV-2  and  -3  indicate  that  these 
DNA's  are  double-stranded  structures.   This  finding  is  in  agreement  with 
buoyant  density  studies.   The  Tm  for  AAV-2  DNA  was  90.4  C  and  the  Tm  for 
AAV-3  DNA  was  90.8  C.   On  the  basis  of  Tm  measurements,  the  guanosine  + 
cytosine  content  of  AAV-2  and  -3  DNA's  is  51.5  and  52.4%,  respectively. 

2.  An  estimation  of  genetic  relatedness  among  the  four  AAV  serotypes  was 
made  on  the  basis  of  hybridization  reactions  between  synthetic  AAV  RNA's 
and  AAV  DNA's.   Heterologous  reactions  were  U -31%   of  homologous  reactions. 
These  values  suggest  that  the  AAV's  are  related  to  about  the  same  extent, 
but  that  considerable  genetic  difference  exists  among  the  serotypes. 

3.  Very  low  levels  of  RNA  binding  were  observed  when  synthetic  AAV-1  RNA 
was  hybridized  with  DNA's  from  helper  adenoviruses.   This  binding  was  pro- 
bably due  to  traces  of  adenovirus  DNA  in  AAV  DNA  preparations.   It  is  con- 
cluded that  there  is  no  obvious  genetic  relatedness  between  AAV-1  and  helper 
adenoviruses . 

4.  AAV-1  DNA  was  found  to  be  infectious  but  only  in  cells  co-infected  with 
adenovirus.   This  finding  indicates  that  the  defective  step(s)  in  AAV  re- 
plication occur  at  some  stage  after  the  intracellular  release  of  its  DNA. 

5.  Protein  from  AAV-1,  -2,  and  -3  can  be  resolved  into  three  components  by 
acrylamide  gel  electrophoresis.   Electrophoresis  of  mixtures  of  differen- 
tially labeled  AAV  proteins  revealed  no  differences  in  protein  components 
among  these  virus  types.   The  major  protein  component  of  AAV's  migrates  with 
the  adenovirus  component  containing  fiber  antigen. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

Recently,  others  have  presented  evidence  for  the  common  occurrence  of  AAV 
infection  in  man.   The  significance  of  human  AAV  infection  is  not  known. 
Characterization  of  biochemical  and  biological  properties  of  these  viruses 
may  be  of  importance  with  respect  to  human  disease.   The  mechanism  by  which 
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adenoviruses  assist  AAV  replication  is  relevant  to  understanding  natural 
modes  of  viral  infection. 

Proposed  Course  of  the  Project: 

1.  Continue  studies  of  genetic  relatedness  between  serologically  defined 
AAV's  to  determine 

(a)  new  serotypes 

(b)  whether  hybridization  reactions  involve  nucleotide  sequences  held 
in  common  among  the  AAV's. 

2.  Investigate  the  molecular  bases  for  AAV  defectiveness  by  studying  AAV 
nucleic  acid  and  protein  synthesis  in  vivo. 

Honors  and  Awards: 

Invited  to  speak  to  The  Society  of  Experimental  Biology  and  Medicine, 
District  of  Columbia  Section,  September  28,  1967. 

Fob licAt ions;  Nmae 
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1.  Biology  of  Viruses 

2.  Cell  Biology 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 


Project  Title:   Properties  of  Adenovirus  DNA 

Previous  Serial  Number:   Same 

Principal  Investigator:   Dr.  James  A.  Rose 

Other  Investigators:   None 

Cooperating  Units:   Dr.  Marc  S.  Lewis,  NINDB 

Man  Year  s : 


NIAID 

Other  NIH 

Guest 

TOTAL 
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Personnel 
Assigned  to 
Project 

Workers 

Total: 

18/12 

0 

0 

18/12 

Professional: 

6/12 

0 

0 

6/12 

Other : 

12/12 

0 

0 

12/12 

Project  Description: 
Objectives 

1.  Application  of  sedimentation  equilibrium  using  Rayleigh  optics  for 
direct  measurement  of  viral  DNA  molecular  weight. 

2.  Determine  DNA  strand  specificity  for  viral  messenger  RNA  synthesized 
during  adenovirus  infection.  Determine  DNA  strand  specificity  for  viral 
messenger  RNA  produced  in  cells  transformed  by  adenoviruses. 

Methods  Employed 

Viruses  are  produced  in  KB  cells  and  purified  in  CsCl  equilibrium  density 
gradients.   Viral  DNA's  are  extracted  by  treatment  with  proteolytic  enzymes, 
sodium  dodecylsulfate  and  phenol.   DNA  molecular  weights  are  determined  by 
the  high  speed  equilibrium  technique  of  Yphantis.   Molecular  weights  are 
also  estimated  by  the  boundary  sedimentation  method.   DNA  strands  are  sepa- 
rated preparatively  in  CsCl  density  gradients  following  reaction  of  denatured 
viral  DNA  with  ribopol3rmers.   The  DNA-RNA  hybridization  technique  is  used  to 
detect  viral-specific  RNA  in  infected  and  virus  transformed  cells. 
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Major  Findings 

1.  Utilizing  the  sedimentation  equilibrium  technique,  a  value  of  28.W-2.0 
X  10^  daltons  was  obtained  for  the  number-,  weight-  and  z-average  molecular 
weights  of  adenovirus  type  2  DNA.   This  value  is  significantly  higher  than 
that  reported  previously  for  adenovirus  type  2  DNA.   It  was  concluded  that 
the  high  speed  equilibrium  technique  may  be  applicable  to  the  determination 
of  DNA  molecular  weights  as  high  as  10°  daltons. 

2.  The  molecular  size  and  base  composition  of  ribopolymers  relates  to  their 
ability  to  complex  with  denatured  DNA. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute 

Further  definition  of  structural  and  functional  characteristics  of  adeno- 
virus DNA's  may  lead  to  some  understanding  of  the  molecular  mechanism  of 
viral  carcinogenesis. 

Proposed  Course  of  the  Project 

1.  Molecular  weights  of  purified  viral  DNA's  will  be  determined  by  several 
methods  including  sedimentation  equilibrium,  boundary  sedimentation  and 
intrinsic  viscosity. 

2.  DNA  strand  specificity  for  viral  messenger  RNA  produced  in  infected  and 
transformed  cells  will  be  investigated. 

Honor  and  Awards:   None 

Publications:   None 
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Project  Title: 


PHS-NIH 
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Studies  on  Virus-induced  enzymes  in  mammalian  cells 
infected  or  transformed  by  DNA  tumor  viruses 


Previous  Serial  No:   Same 

Principal  Investigator:   Dr.  Stanley  Barban 

Other  Principal  Investigator:   None 

Cooperating  Units:   Dr.  Harvey  Ozer,  LVD,  NIAID 

Dr.  Kenneth  K.  Takemoto,  LVD,  NIAID 

Man  Years : 


NIAID 

Other  NIH 

Guest 

TOTAL 

Lab.  Staff 

Personnel 
Assigned  to 
Project 

Workers 

Total: 

35/12 

0 

0 

35/12 

Professional: 

12/12 

0 

0 

12/12 

Others : 

23/12 

0 

0 

23/12 

Project  Description: 

Objectives 

To  study  the  biochemical  mechanisms  in  the  induction  and  control  of  tumor 
virus-induced  enzymes  connected  with  DNA  synthesis;  study  the  biological 
and  physicochemical  properties  of  these  enzymes  as  compared  to  the  enzymes 
from  uninfected  cells. 

Methods  Employed 

The  techniques  employed  in  this  project  are:  fractionation  of  virus-infected 
cells  and  virus-induced  animal  tumors  and  purification  of  the  enzymes  involv- 
ed in  DNA  synthesis;  use  of  various  microchemical,  isotopic,  and  enzyme  assay 
procedures.   Other  important  techniques  which  have  been  employed  include  use 
of  isotopically  labeled  metabolite  precursors  and  inhibitors;  density  gradi- 
ent ultracentrifugation;  polyacrylamide  gel  electrophoresis;  ion-exchange 
and  paper  chromatography;  immunological  and  immunochemical  procedures. 
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Major  Findings 

A.  Isolation,  Purification,  and  Properties  of  DNA  polymerase  from  SV-40 
Polyoma,  and  Polyoma-SV-40  induced  animal  tumors. 

1.  DNA  polymerase  has  been  purified  approximately  50  fold  from  SV-40 
induced  hamster  tumors  by  ammonium  sulfate  fractionation,  cellulose 
phosphate  chromatography,  DEAE  chromatography,  and  fractionation  on 
hydroxylapatite  columns. 

2.  Physicochemical  studies  of  the  purified  enzyme  preparations  has 
revealed  the  presence  of  at  least  two  separate  enzyme  fractions  suggest- 
ing that  the  enzyme  is  composed  of  subunits. 

3.  Several  biochemical  properties  of  the  purified  enzyme  were  studied 
with  regard  to  DNA  primer;  metal  action  requirements;  optimum  pH;  nucle- 
otide triphosphate  requirements;  and  kinetics.   Although  denatured  DNA 
is  substantially  more  active  in  supporting  systems  in  most  systems  than 
is  native  DNA  that  have  been  studied,  the  purified  enzyme  from  a  viral- 
induced  tumor  appears  to  prefer  native  DNA  as  primer. 

B.  Studies  on  the  relationship  of  the  tiamor  antigen  to  the  "early"  enzymes 
of  DNA  synthesis.   Thus  far,  no  biological  role  has  been  ascribed  to  the 
tumor  (T)  antigen  found  in  cell  infected  or  transformed  by  the  oncogenic  DNA 
viruses.   Previous  studies  have  shown  that  it  is  possible  to  separate  the 
tumor  complement -fixing  antigen  from  thymidine  kinase.   The  current  studies 
on  the  relationship  of  the  tumor  antigen  to  DNA  polymerase  and  a  deoxyribo- 
nuclease  are  being  studied. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute 

The  important  role  of  the  early  enzymes  of  DNA  synthesis  that  are  induced  by 
the  oncogenic  DNA  viruses  in  infected  cells  and  cells  transformed  by  these 
viruses  has  been  will  established.   The  induction  and  switchoff  control 
mechanism  of  these  enzymes  has  been  shown  by  several  investigators  to  be  re- 
lated to  the  viral  genome  related  viral  systems.   The  intriguing  question  of 
the  role  of  the  viral  genome  in  DNA  enzyme  synthesis  in  transformed  cells 
wherein  the  intact  virion  is  not  present  remains  unresolved.   The  observa- 
tions that  the  enzymes  found  in  virus  infected  cells  and  tumor  cells  have 
different  physicochemical  properties  than  the  host  cell  are  obvious  basic 
and  partical  significance  relevant  to  the  problems  of  neoplastic  transforma- 
tion and  genetic  control  mechanisms  involved  in  cellular  metabolism  and 
viral  chemotherapy. 

Proposed  Course  of  the  Project 

The  parameters  of  current  investigation  include  the  following: 

1.   Comparison  of  the  physicochemical  properties  of  DNA  polymerase, 
deoxyribonuclease,  and  thymidine  kinase  with  highly  purified  preparation 
from  virus  infected  cells  and  virus-induced  tumors  and  uninfected  cells. 
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2.  Immunological  and  immunochemical  studies  of  the  purified  enzymes. 

3.  Genetic  studies  comparing  the  properties  of  the  enzymes  induced  by 
different  oncogenic  viruses^  virus  variants,  and  transformed  cells  in 
which  the  viral  genome  can  be  rescued. 

Honors  and  Awards :   None 

Publications: 

Barban,  S.  and  Baron,  S.:   Differential  Inhibitory  Effects  of  Interferon  on 
Deoxythymidine  kinase  Induction  of  Vaccinia-Infected  Cell  Cultures.   Proc. 
Soc.  Exptl.  Biol.  &  Medicine  127:  160-164,  1968. 
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Summary  Statement  by  Director 
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July  1,  1966  through  June  30,  1968 

Research  on  viral  and  protozoal  infections  continued  at  a  vigorous  pace 
during  the  year,  in  spite  of  major  obstacles  to  field  investigation  imposed 
by  administrative  "freezes"  born  of  the  problems  of  the  nation  and  its 
government.   Basic  techniques  in  immunology  and  data  processing,  developed 
in  the  past  two  years,  were  applied  on  an  increasing  scale.   Based  on  some 
of  these  data,  specific  plans  were  made  for  a  major  new  field  program. 

RESEARCH  HIGHLIGHTS 

Tacaribe  Viruses 

No  new  cases  of  hemorrhagic  fever  were  recorded  from  the  area  of  San 
Joaquin,  Bolivia,  during  the  last  year.   Surveillance  and  a  program  of  rodent 
control  by  trapping  still  continue.   The  conclusion  that  this  virus  infection 
is  rodent-borne  now  appears  inescapable.   Efforts  initiated  last  year  to  iso- 
late such  viruses  from  rodents  in  Venezuela  are  continuing — to  date,  without 
success. 

Current  work  focuses  increasingly  on  problems  related  to  the  basic 
properties  of  the  viruses  and  their  behavior  in  experimental  animals.  Several 
new  agents  from  other  laboratories  have  been  characterized  as  members  of  this 
virus  family — all  from  rodents  of  the  family  Cricetidae.   Efforts  to  separate 
non-infectious  fractions  from  virus  pools  have  advanced  to  the  point  where 
preparation  in  quantities  sufficient  to  assess  immunologic  potentials  is  feasible. 

Experimental  studies  of  virus  biology  have  been  advanced  by  the  expansion 
of  our  colony  of  the  Machupo  virus  reservoir  rodent,  Calomys  callosus,  and  by 
the  finding  that  throat  swabs  assayed  in  cell  culture  provide  a  reliable,  simple 
method  for  monitoring  chronic  infection  in  lieu  of  urine  sampling  and  the  infant 
hamster  test.   New  data  already  obtained  show  that:  1)  Lymph  nodes,  thymus  and 
reticulo-endothelial  elements  of  other  organs  represent  the  primary  sites  of 
virus  multiplication.   2)  Chronic  infection  appears  to  be  seated  in  mesothelial 
elements  of  many  tissues,  and  in  many  instances  includes  brain.   3)  Calomys 
callosus,  unlike  hamsters,  are  easily  infected  by  intranasal  route  and  intra- 
cage  contact  infection  is  readily  demonstrable.   4)  Two  distinct  infection 
patterns  are  present  in  Calomys  and  may  help  explain  how  the  virus  is  maintained 
in  nature  by  vertical  transmission  without  the  occurrence  of  populations  show- 
ing 100%  infection  rates.   Inoculation  of  infant  Calomys  invariably  leads  to 
chronic  infection  characterized  by  viremia,  widespread  virus  dissemination, 
and  the  absence  of  detectable  N  antibodies.   Adult  animals  sometimes  react  in 
the  same  way,  but  many  become  chronically  infected  (throat,  urine)  with  no 
viremia  and  little  virus  in  most  tissues  and  have  high  titers  of  specific 
antibody.  A  current  hypothesis  that  vertical  transmission  occurs  only  in 
viremic,  antibody- negative  animals  and  that  horizontal  transmission  between 
adults  may  result  from  either  type  of  infection  is  now  under  study. 


Arboviruses 

Studies  on  antigenic  variation  of  Venezuelan  equine  encephalitis  (VEE) 
virus  were  continued.   Results  were  exciting  because  (1)  new  isolates  from 
previously  studied  localities  proved  to  be  identical  to  their  predecessors, 
(2)  a  difficult  field  trip  to  the  Atlantic  coastal  forest  of  Nicaragua  resulted 
in  predicted  recovery  of  new  virus  strains  which  proved  to  be  typable  as 
representative  of  a  virus  from  Mexico  and  Panama.   Similar  strains  were  re- 
ceived from  Cornell  University,  obtained  in  Honduras  and  Belize.  We  can  now 
conclude  that  a  single  sub-type  is  continuously  distributed  from  Panama  to 
at  least  southern  Mexico,  and  that  our  general  hypothesis  that  VEE  epidemics 
arise  from  independent  extension  of  local  endemic  foci  rather  than  wide 
dispersal  from  a  single  endemic  area  is  correct. 

Work  on  group  C  arboviruses  has  been  started  and  is  yielding  promising 
information  in  at  least  two  important  areas:  (1)  Cell  culture  isolation  and 
neutralization  systems  have  facilitated  the  rapid  identification  of  more  than 
50  field  isolates  including  mixtures.   (2)  The  use  of  wild  and  laboratory  rats 
together  with  plaque  neutralization  has  permitted  preparation  of  highly  specific 
reagents  which  will  be  used  to  re-study  antigenic  patterns  within  the  group. 

.  Results  of  a  major  human  serum  survey  in  rural  Central  America  are  nearly 
finished  and  have  led  to  a  better  understanding  of  the  prevalence  and  distri- 
bution patterns  of  many  arboviruses  of  the  region.   VEE  was  the  only  commonly 
encountered  member  of  group  A  and  was  almost  com  pletely  localized  to  villages 
along  the  Atlantic  coast.   Ilheus  and  St.  Louis  encephalitis  viruses  are  widely 
distributed  in  forested  zones  of  both  slopes  of  the  isthmus.   Cache  Valley  virus 
antibodies  were  extremely  common  in  the  region.   These  and  other  data  are  still 
being  analyzed  in  relation  to  many  ecological  variables,  but  have  already 
proven  of  great  value  in  guiding  current  and  future  studies. 

An  important  example  is  the  problem  of  vescicular  stomatitis  viruses  (VSV). 
Antibodies  to  New  Jersey  and  Indiana  types  were  extremely  common  in  the  human 
survey.   A  program  to  investigate  the  natural  history  of  these  agents  has  been 
started.   Antibody  studies  of  Panamanian  wild  animal  sera  show  that  Indiana- 
tjrpe  infection  is  prevalent  among  arboreal  but  not  terrestrial  mammals  (more 
than  507o  of  spider  monkeys,  kinkajous,  and  porcupines  were  positive).   Experi- 
mental inoculation  of  a  large  number  of  species  indicated  that  all  wild  mammals 
were  susceptible  to  infection  in  that  they  subsequently  developed  neutralizing 
antibodies.   Juveniles  generally  succumbed  to  both  viruses.   Amphibians  and 
chickens  were  not  infectable.   A  major  problem,  however,  was  inability  to 
demonstrate  viremia  regularly  in  any  species.   New  approaches  to  this  apparent 
barrier  to  arthropod  transmission  are  planned. 

Staff  and  Facilities 

Drs.  Manoel  and  Gilda  Bruno-Lobo,  Brazil,  completed  two  years'  residence 
as  Visiting  Scientist  and  Guest  Worker  respectively.   They  were  largely 
responsible  for  our  improved  ability  to  use  fluorescent  antibody  techniques 
and  for  major  advances  in  understanding  of  Tacaribe  and  arbovirus  pathogenesis. 
Dr.  Merle  Kuns,  staff  ecologist,  departed  in  October  for  a  two-year  assignment 
at  PAHO's  Zoonosis  Center  in  Buenos  Aires. 
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Lt.  Col.  Stanley  Benbrook,  pathologist,  and  Capt.  James  Neely,  ento- 
mologist, have  been  assigned  to  the  USAMRU- sponsored  parasitology  section. 
Drs.  Clarence  Peters  and  Ihor  Zachary  joined  the  Virus  Diseases  Section  as 
Research  Associates.   Mr.  William  Reeves,  Jr.,  and  Mr.  Jorge  Motta,  medical 
students  at  Berkeley  and  Yale,  will  spend  the  summer  on  field  and  laboratory 
projects  sponsored  by  COSTEP  and  Rockefeller  Foundation  respectively. 

Design  studies  were  completed,  and  contracts  and  materials  are  being 
implemented  to  augment  laboratory  facilities  in  several  important  areas: 

(1)  Completion  of  exhaust  and  filtration  systems  for  high  hazard  laboratories. 

(2)  Conversion  of  animal  colony  space  to  100%  air  exchange.   (3)  Reorganization 
of  cage-washing  facility  on  first  floor.   (4)  Reconstruction  of  cell  culture 
laboratory  to  utilize  laminar  flow  hoods  as  a  major  protection  against  high 
microbial  contaminant  load  of  air  supply.   (5)  Establishment  of  an  insectary 
based  on  two  large  walk-in,  controlled  environmental,  chambers. 

Program  Developments 

1.  A  major  ecological  study  of  viruses  and  parasites  transmitted  by 
Phlebotomus  has  been  started.  With  recruitment  of  an  entomologist  experienced 
with  these  arthropods  (Dr.  Byron  Chaniotis),  the  arrival  of  an  Army  entomologist, 
and  the  projected  establishment  of  an  insectary,  this  program  will  expand  rapidly 
in  the  coming  year.   Viral  antibody  and  parasitological  surveys  of  humans  and 
wild  animals  are  in  progress  and  a  search  has  begun  for  a  field  site  where  the 
agents  are  active.   This  will  be  employed  in  long-term  observations  of  the 
dynamics  of  infection  in  nature. 

2.  Data  processing  capability  continues  to  grow  steadily.  Results  of 
more  than  170,000  serological  tests  are  now  being  analyzed  in  relation  to 
coded  field  information  contained  in  more  than  60,000  inventoried  serum  entries. 
Viral  tests  include  105,000  by  hemagglutination-inhibition  (HI),  10,000  by 
complement- fixation  (CF) ,  and  39,000  by  cell  culture  neutralization  (N) .  About 
15,000  each  of  CF  and  fluorescent  antibody  determinations  are  recorded  for 
protozoal  antigens.   Local  access  to  an  IBM  1130  computer  has  been  secured 

and  records  will  shortly  be  stored  on  discs.   Programs  for  a  variety  of 
inventorial,  tabular,  and  statistical  tasks  are  being  written  and  tested. 

3.  A  large-scale  field  trial  of  Camolar®  for  treatment  of  cutaneous 
and  muco-cutaneous  leishmaniasis  in  Paraguay  is  under  negotiation,  and  a 

new  program  of  surveillance  of  all  febrile  admissions  to  medicine  and  pediatrics 
at  Coco  Solo  Hospital,  near  Colon,  has  been  initiated.   Designed  primarily 
to  investigate  "acquired"  toxoplasmosis,  it  will  also  permit  continuous 
monitoring  of  other  infectious  diseases  in  a  mixed  American-Panamanian 
population. 
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Principal  Investigators:  Dr.  K.M.  Johnson,  Lt.Col.  B.C.  Walton,  and 

Dr.  P.T.  Franck 


Other  Investigators: 
Cooperating  Units: 


Dr.  P.H.  Peralta,  Dr.  P. A.  Webb,  Dr.  R.B.  Tesh 

Ministries  of  Health,  Republics  of  Panama  and 
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Canal  Zone  Military  Dispensaries  (U.S. Army, 

Navy  and  Air  Force) 
Hospital  del  Nino,  Republic  of  Panama 
Hospital  Santo  Tomas,  Republic  of  Panama 
Raymond  Clinic,  Republic  of  Panama 
Hospital  Division,  Chiriqui  Land  Company, 
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Hospital  Roosevelt,  Guatemala 
Hospital  General,  Guatemala 
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Project  Description: 

Obiectives: 

1.   To  provide  for  prompt  recognition  of  changes  in  animal  morbidity 
and  mortality  which  might  lead  to  further  investigations  of  research 


interest: 

a.  By  prospective  surveillance  programs. 

b.  By  investigation  of  individual  cases  or  epidemics 
in  progress  in  the  field. 

c.  By  retrospective  serum  surveys  of  human  and  animal  population. 

2.  To  maintain  contacts  with  various  health  agencies  in  the  Canal 
Zone,  Rupublic  of  Panama,  and  throughout  Central  America  in  order  that 
promising  situations  may  he  learned  of  and  investigated  in  the  shortest 
possible  time. 

3.  To  gather  sufficient  information  concerning  an  epidemiologic 
situation  to: 

a.  Pursue  studies  in  depth  as  a  separate  project. 

b.  Refer  to  some  other  agency. 

c.  Drop  from  consideration. 

Methods  Employed: 

Prospective  studies  include  the  placing  of  sentinel  animals  at  selected 
study  sites  for  the  purpose  of  determining  arbovirus  activity.   A  central 
nervous  system  disease  surveillance  program  has  been  established  in  clinical 
centers  in  the  Canal  Zone,  the  Republic  of  Panama,  and  Guatemala  with  materi- 
als and  personal  instruction  for  the  collection  of  clinical  specimens  pro- 
vided. 

When  leads  of  importance  are  obtained  in  the  course  of  testing  clinical 
case  specimens  or  through  information  supplied  by  cooperating  agencies, 
arrangements  for  field  activities  are  made.   In  the  Canal  Zone,  these  are 
made  through  the  Canal  Zone  Health  Bureau  and  Gorgas  Hospital;  contacts  are 
also  maintained  with  the  Office  of  the  Chief  Surgeon,  U.S.  Army  Southern 
Command,  and  clinical  facilities  of  individual  military  units.   Throughout 
Central  America  and  Panama,  contacts  with  individual  Health  Ministries  are 
initiated  and  maintained  with  the  cooperation  of  the  Pan  American  Health 
Organization  Zone  III  Office. 

Laboratory  procedures  include  attempted  isolation  of  the  agents  in- 
volved by  inoculation  of  material  into  appropriate  cell  cultures  and 
laboratory  animals.   Standard  serologic  procedures  including  in  some  cases 
fluorescent  antibody  techniques  are  used  to  test  for  specific  serum  anti- 
bodies. 

Field  procedures  include  specialized  epidemiologic  clinical,  entomo- 
logic  and  biologic  techniques. 


Major  Findings: 

In  response  to  requests  from  respective  health  ministries,  several 
strains  of  polio  viruses  were  isolated  during  epidemics  in  Nicaragua  and 
Ecuador.   Each  was  identified  as  Type  1.   In  Nicaragua,  an  emergency  live 
vaccine  program  was  subsequently  launched,  and  we  have  completed  neutral- 
ization tests  of  more  than  500  sera,  using  a  new  micro-test.   Results 
indicate  that  the  vaccine  was  effective,  most  especially  for  Types  1  and  2. 

Physicians  at  Fort  Gulick  Dispensary,  U.S.  Army  post  near  Colon, 
notified  the  laboratory  of  an  outbreak  of  febrile  disease  with  leukopenia 
among  Army  personnel  engaged  in  field  activities  in  the  region  of  the  west 
bank  of  the  Canal  and  Gatun  Lake  near  the  Atlantic  terminus.   Venezuelan 
encephalitis  virus  was  recovered  from  the  blood  of  7  of  8  patients  and 
all  cases  were  confirmed  immunologically.   Review  of  the  precise  activity 
of  a  group  of  24  men  from  which  all  cases  occurred  resulted  in  exposure 
of  sentinel  hamsters  in  two  sites  with  the  collaboration  of  the  U.S.  Army 
Environmental  Health  Division.   The  virus  was  isolated  from  two  hamsters 
sited  near  the  lake  shore  some  five  miles  south  of  Gatun  Locks.  Anti- 
genically,  these  agents  proved  to  be  strains  of  #3880-t3T)e  originally 
isolated  near  the  south  end  of  the  lake.   These  findings,  together  with 
data  accumulated  over  the  past  seven  years,  strongly  suggest   that  VEE 
virus  is  endemic  along  much  of  the  very  long  land  margin  of  Gatun  Lake. 
If  so,  this  represents  a  major  man-made  focus  of  virus  infection  in 
Central  America. 

Two  strains  of  A2  influenza  virus  were  isolated  during  an  epidemic 
in  Panama  during  December  1967  and  were  forwarded  to  the  WHO  Regional 
Center  in  Atlanta.   These  agents  proved  to  be  similar  to  those  which 
were  active  in  the  United  States  at  the  same  time--a  rare  occurrence, 
since  influenza  usually  circulates  here  in  April-May  at  the  time  of  the 
dry-wet  climatic  change. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

This  program  continued  to  provide  medical  research  intelligence  in- 
dispensable to  the  long  range  functioning  of  this  unit  while  offering  per- 
tinent services  to  the  various  countries  within  our  geographic  locale. 

Proposed  Course  of  the  Project: 

Investigation  of  disease  outbreaks  and  of  promising  individual  cases 
will  continue.   Projects  will  evolve  from  these  studies  when  indicated. 
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Project  Description: 
Objectives: 

1.  To  characterize  and  to  determine  the  natural  relationships  of  viruses 
within  the  Tacaribe  group  by  study  of  their  biophysical  properties,  bio- 
nomics, and  pathogenesis  in  animals,  including  the  natural  rodent  reser- 
voir of  Machupo  virus,  Calomys  callosus. 

2.  To  continue  limited  epidemiologic  surveillance  in  certain  areas  of 
South  America. 

3.  To  make  available  reagents  or  provide  facilities  for  diagnosis  of 
viruses  in  this  group  to  other  South  American  investigators. 


Methods  Employed: 

Standard  laboratory  methods  were  used,  principally  the  use  of  cell 
cultures,  fluorescent  antibody  and  serologic  techniques,  immunodiffusion, 
colonized  animals,  and  ultracentrifugation.   Field  collections  were  limited 
to  surveillance  of  disease  in  the  hospital  in  San  Joaquin,  Bolivia,  and  to 
the  collection  of  small  mammals  in  six  states  in  Venezuela.   The  field 
collecting  team  was  under  the  direction  of  Dr.  Charles  Handley  of  the  U.S. 
National  Museum.   Virus  isolation  and  serologic  studies  on  this  field 
collection  were  performed  jointly  at  IVIC  and  MARU. 

Major  Findings: 

Characterization  of  New  Viruses  in  the  Tacaribe  Group 

Complement  Fixation  (CF):   Twenty- two  hamster  pathogenic  agents  have 
been  isolated  from  two  grnera  of  Cricetine  rodents,  Oryzomys  sp.  and  Calomys 
sp. ,  captured  in  five  geographic  areas  (two  areas  in  Bolivia,  one  each  in 
Peru,  Brazil,  and  Paraguay).   In  addition  to  these  viruses,  two  virus  strains 
(Tamiami  virus)  have  been  isolated  at  the  NCDC  laboratory  from  Sigmodon  trapped 
in  the  Everglades  region  of  Florida,  and  one  (Pichinde)  at  the  Universidad 
del  Valle  from  Oryzomys  albigularis  captured  near  Cali.   The  four  established 
group  members  and  the  newer  viruses  fall  into  three  broad  sub-groups  on  the 
basis  of  the  CF  reaction.   Group  I  is  composed  of  Machupo,  Juniii,  Tacaribe, 
and  Amapari;  Group  II  of  viruses  isolated  in  the  two  areas  of  Bolivia,  in 
Brazil  and  Peru.   The  viruses  in  Group  III  include  the  Paraguay  isolates, 
Pichinde  and  Tamiami.   Hyperimmune  hamster  sera  (HS)  to  the  Group  II  viruses 
cross  react  broadly  with  the  antigens  of  Group  I  and  to  a  lesser  degree  with 
Group  III,  but  sera  of  Group  I  react  only  to  a  minimal  degree  with  antigens 
of  Group  II.  Group  III  differ  most  widely  from  the  parent  Group  I.   Group  III 
viruses  are  pathogenic  for  mice,  in  contrast  to  Group  II,  which  are  pathogenic 
only  for  infant  hamsters. 

Neutralization  (N):   Efforts  have  been  directed  toward  obtaining  a 
neutralization  test,  as  Machupo,  Junin,  Tacaribe,  and  Amaparf  are  distinct, 
using  a  plaque  reduction  N  test  in  VERO  cell  monolayers  under  agar.   Two  major 
difficulties  have  been  encountered  in  using  this  N  test  for  the  new  viruses. 
First,  these  viruses  lack  avidity  for  VERO  cells,  particularly  the  viruses  of 
the  Group  II  which  do  not  produce  plaques  unless  they  are  passaged  one  to  two 
times  in  VERO  and  then  the  plaques  are  small  and  indistinct  with  titers  seldom 
in  excess  of  1x10  or  10  PFU/ml.   Second,  until  recently  we  have  been  unable 
to  demonstrate  homologous  N  antibody  (Ab)  in  hyperimmune  HS  or  mouse  ascitic 
fluids  (MAF).   Filtration  of  virus  through  Millipore  filters  to  obtain  mono- 
dispersed  virus  particles  resulted  in  no  improvement  of  N  Ab  titers.  Recently, 
we  have  been  able  to  produce  hyperimmune  HS  with  CF  titers  in  excess  of  8,192, 
by  multiple  inoculations  of  virus  antigen  and  complete  adjuvant.   Immune  HS 
from  the  Paraguay  virus  and  MAF  from  the  Tamiami  virus  finally  have  been 
shown  to  have  a  homologous  N  Ab  with  a  titer  of  1:16  and  neither  cross  react 
with  viruses  of  Group  I. 
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Inmunofluorescence:   Direct  immunofluorescent  conjugates  have  been  pre- 
pared for  all  the  viruses  in  Group  I  and  III,  and  for  representative  viruses 
in  Group  II.  MAF  conjugates  were  made  for  Group  I  and  III,  and  in  general 
were  strong  conjugates  which  could  be  used  at  a  dilution  of  1:20.   HS  conjugates 
were  weaker  and  were  used  at  dilutions  of  1:2.5  or  1.5.   Preliminary  results 
show  that  the  four  viruses  of  Group  I  cross  react  among  themselves,  although 
homologous  fluorescence  is  distinguishable  from  heterologous,  but  they  do  not 
fluoresce  with  viruses  of  Group  II  or  III.   The  representatives  of  Group  II 
were  indistinguishable  from  each  other  by  immunofluorescence.   Group  III 
viruses  fluoresced  only  with  homologous  conjugates  with  the  exception  of 
Pichinde,  which  reacted  weakly  with  one  of  the  Group  II  viruses. 

Immunodiffusion:   Precipitation  reactions  visible  as  lines  have  been 
obtained  using  crude  and  sucrose  acetone-extracted  SH  or  SM  brain  antigens 
prepared  to  the  four  Group  I  viruses  and  Tamiami  virus  in  a  simple  agar-gel 
diffusion  system  and  by  immunoelectrophoresis.   To  date,  the  latter  system 
has  proved  less  rewarding  because  higher  titered  reagents  are  required  to 
obtain  a  reaction. 

Biophysical  Properties:   Last  year  it  was  found  that  CF  and  infectious 
activities  of  Junin,  Machupo,  Tacaribe,  and  Amaparx  viruses  could  be  effective- 
ly separated  by  isopycnic  ultracentrifugation  on  density  gradients  of  sucrose 
or  CsCl.   Peak  CF  activity  occurred  at  1.07-1.08  g/cm  ,  while  infectivity  was 
concentrated  at  about  1.16-1.17.   These  data  were  important  for  two  reasons. 
First,  separation  of  a  non-infectious  CF  fraction  opened  the  way  for  attempts 
to  prepare  enough  of  this  material  to  assess  its  immunogenic  potential.  Studies 
designed  to  produce  large  amounts  of  cell  culture  virus,  suitable  for  fraction, 
are  now  in  progress.   Second,  virus  density  of  about  1.16  strongly  suggested 
on  basis  of  data  in  the  literature  that  Tacaribe-group  viruses  might  be  related 
to  RNA  leukemia  viruses  of  mice  and  chickens.   All  other  known  biophysical  and 
biochemical  properties  were  also  compatible.   Further  controlled  studies  com- 
paring Junin  virus  with  known  arboviruses  Sindbis  and  Oriboca  were  carried  out. 
Values  of  Oriboca,  Junin,  and  Sindbis  in  sucrose  gradients  were  1.147,  1.164, 
and  1.187  g/cm-*  respectively.   When  the  same  preparations  were  centrifuged  in 
CsCl,  the  results  were  higher  in  each  case  (1.176,  1.208,  and  1.203).   It  was 
noted  that  the  Sindbis  pool  consisted  of  two  plaque  variants.   When  these  were 
purified  and  retested  in  SsCl  with  Junin  virus,  densities  of  1.204,  1.222,  and 
1.207  were  recorded  for  small  plaque,  large  plaque  Sindbis  and  Junin.   From 
these  data  we  concluded  that:   1)  type  of  gradient  exerts  a  clear  influence 
on  absolute  density  values  obtained- -thus  requiring  caution  in  making  com- 
parisons based  on  studies  of  viruses  in  the  literature;  and  2)  Junin  virus  is 
in  fact  less  dense  that  another  arbovirus,  Oriboca.   It  thus  appears  that  this 
technique  does  not  permit  the  conclusion  that  Tacaribe  viruses  are  not  arbo- 
viruses in  morphological  terms. 

The  important  question  of  the  basic  nature  of  these  viruses  would  be  best 
resolved  by  morphological  studies.   No  convincing  pictures  of  these  agents  have 
yet  been  published.   For  the  past  year,  we  have  tried  to  obtain  such  data  in 
collaboration  with  Dr.  Gemot  Bergold,  IVIC,  Venezuela.   The  basic  approach 
was  to  prepare  tissue  culture  concentrates,  stain  with  phosphotungstic  acid, 
and  examine  by  the  spray  technique.   This  method  works  well  for  many  known 


arboviruses,  but  has  not  produced  pictures  of  Tacaribe-group  viruses.   These 
viruses  appear  to  be  very  fragile  and  concentration  by  centrifugation  or 
dialysis  has  not  increased  virus  titer  as  expected.   Preparations  under  the 
electron  microscope  frequently  show  "suspicious"  virus-like  fragments,  but 
clear  complete  particles  are  so  rare  as  to  be  of  doubtful  validity. 

A  new  series  of  experiments  has  been  initiated,  using  infected  tissue 
culture  cells  and  infected  organs  from  infant  hamsters.   Development  of  a 
fluorescent  antibody  procedure  for  monitoring  infection  so  that  harvests 
contain  the  maximum  percentage  of  infected  cells  gives  promise  that  virus 
will  be  found  when  these  materials  are  sectioned  and  examined. 

Pathogenesis  of  Machupo  Virus  in  Rodents:   During  studies  of  the  patho- 
genesis of  Machupo  virus  in  the  golden  hamster,  it  was  noted  that  the  pattern 
of  chronic  infection  in  the  hamster  differs  from  that  seen  in  Calomys  callosus, 
the  natural  reservoir  of  the  virus.   A  more  detailed  study  of  the  infection  in 
Calomys  was  possible  due  to  the  expansion  of  our  colony  of  Calomys.   Newborn 
Calomys  do  not  die  when  infected  with  Machupo  virus,  even  with  high  doses. 
They  develop  viremia,  but  N  Ab  cannot  be  detected.   The  appearance  of  two 
patterns  of  infection  emerged  during  experimentation  with  adult  animals: 
1)  The  animal  is  infected,  and  virus  can  be  recovered  from  the  throat,  urine, 
and  blood,  but  N  Ab  is  not  present.   2)  The  animal  is  infected  and  virus  can 
be  recovered  from  throat  and  urine,  but  not  from  the  blood,  and  N  Ab  i^  present. 
Further  studies  are  in  progress  to  test  the  effect  of  these  two  types  of  infection 
in  the  Calomys  offspring.   It  is  attractive  to  hypothesize  that  the  Calomys 
mothers  who  are  Ab  positive,  viremia  negative,  do  not  transmit  infection  to 
their  young,  but  those  which  are  Ab  negative,  viremia  positive,  do.   The 
incidental  finding  that  oral  swabs  were  superior  to  urine  specimens  for  virus 
sampling  greatly  facilitated  this  work. 

In  earlier  experiments  we  were  unable  to  chronically  infect  hamsters  by 
intranasal  (IN)  administration  of  virus.   We  have  succeeded  in  infecting 
Calomys  by  this  route,  thus  adding  another  possibility,  that  of  aerosol 
infection,  to  the  many  ways  in  which  a  Calomys  could  become  infected  in 
nature.   Infection  by  close  contact  appears  to  be  efficient,  occurring  within 
10  days  of  exposure.   Male  and  female  Calomys  were  placed  in  pairs  in  individual 
cages,  only  one  of  the  pair  having  been  infected.   Ten  days  later,  virus  was 
isolated  from  9/10  of  the  initially  non-infected  mates.   The  pH  of  the  urine 
of  Calomys  changes  appreciably  with  the  type  of  food  given.   Diets  were  selected 
on  the  basis  of  liklihood  of  availability  in  a  natural  habitat  at  various  seasons 
in  the  year.   Resultant  pH  values  ranged  from  extremes  of  5.8  to  8.5.   This  is 
of  possible  significance  in  the  natural  transmission  cycle;  Machupo  virus  is 
acid  labile  with  complete  virus  inactivation  occurring  rapidly  at  pH  5.0. 

Epidemiology:   Weekly  morbidity  and  mortality  reports  from  the  Henry  K. 
Beye  Memorial  Hospital  in  San  Joaquin,  Bolivia,  covering  the  period  from  March 
1967  through  February  1968,  listed  only  a  single  suspected  case  of  hemorrhagic 
fever  in  89  admissions.   This  illness  occurred  in  October  1967  in  a  27  year 
old  male.   Unfortunately,  the  sera  from  this  patient  did  not  reach  MARU  and 
serologic  confirmation  could  not  be  made.   Among  the  most  common  causes  of 
hospital  admission  were  traumatic  injuries,  obstetrical  difficulties,  cardiac 
and  respiratory  diseases,  and  gastroenteritis. 
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Rodent  control  has  continued  under  the  leadership  of  Don  Silverio  Barba 
by  use  of  kill-traps  placed  in  and  around  the  houses  in  San  Joaquin. 

A  field  team  has  been  working  in  Venezuela  under  the  direction  of  Dr. 
Charles  Handley,  collecting  specimens  for  the  U.S.  National  Museum.   Organs 
from  101  small  mamals,  trapped  from  May  1966  to  May  1967  as  part  of  their 
program,  were  sent  to  MARU  for  virus  isolation  attempts  in  SH,  and  to  IVIC 
for  virus  isolation  attempts  in  SM.   Sera  was  received  from  about  270  animals. 
The  material  was  collected  in  17  localities  in  six  states  of  Venezuela.  Virus 
isolation  attempts  in  SH  with  35  organs  from  Cricetine  rodents  yielded  no 
virus.   Reisolation  attempts  are  in  progress  on  seven  questionable  isolates, 
Calomys  (2),  Zygodontomys  (3),  Akodon  (1),  Sigmonys  (1). 

Amapari  Virus:   A  comparative  study  was  undertaken  with  Dr.  F.  Pinheiro, 
of  the  Evandro  Chagas  Institute,  to  determine  the  sensitivity  of  different 
assay  systems  for  the  isolation  of  Amapari  virus  from  rodent  tissues  and  to 
look  for  evidence  of  N  Ab  in  human  and  animal  sera.   Comparative  titrations 
of  kidney  suspensions  from  Amapari-positive  Oryzomys  and  Neacomys  rodents 
trapped  in  the  Amapa  region  of  Brazil  were  made  in  suckling  hamster  (SH) , 
suckling  mouse  (SM) ,  and  VERO  cell  cultures.   When  death  of  the  animal  was 
used  as  endpoint,  titers  in  SH  were  the  highest.   Endpoints  calculated  on 
the  basis  of  illness  or  serologic  evidence  of  infection  in  mice  (crude  brain 
antigen  from  sacrificed  animals  or  presence  of  Ab  in  survivors  bled  30  days 
post-inoculation)  were  equal  to  or  one  log  lower  than  those  in  SH.   Titers  in 
VERO  cell  cultures  calculated  as  plaque  forming  units  under  agar  could  be 
measured  reliably  only  if  the  hamster  LD50  (HLD50)  equalled  or  exceeded  four 
logs.   An  inhibitory  factor  was  present  in  the  kidney  suspension  which  could 
be  diluted  out  at  a  1:100  or  1:1000  dilution.   This  meant  that  if  titers  were 
lower  than  this  figure,  they  were  not  measurable  using  this  system.  Sensitivity 
in  VERO  beyond  the  inhibitory  effect  was  comparable  to  that  of  mice.   Sus- 
pensions of  heart,  liver,  and  spleen  from  each  animal  were  assayed  in  SM  and 
VERO.   Virus  was  present  in  approximately  equal  titers  in  liver  and  spleen, 
being  about  one  log  less  than  virus  measured  in  kidney;  detectable  virus  in 
heart  suspensions  was  negligible. 

Sera  from  45  humans  and  850  small  animals  from  Amapa,  Brazil,  were 
screened  for  N  Ab  at  a  1:8  dilution.   No  clear-cut  positives  were  found. 
Questionable  reactors  were  noted  predominantly  among  bats  and  marsupials. 
There  appears  to  be  some  non-specific  inhibition  of  plaque  formation  with 
sera  from  these  species.   Further  tests  are  in  progress. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

Evidence  continues  to  accumulate  supporting  our  hypothesis  that  the 
Tacaribe  group  of  viruses  are  rodent  viruses;  in  particular,  rodents  of  the 
Cricetine  family.   Knowledge  of  a  more  widespread  geographic  distribution  has 
proved  correct  our  prediction  that  these  viruses  would  be  found  on  the  North 
American  continent.   The  opportunity  to  study  the  behaviour  and  pathogenesis 
of  this  group  of  viruses  in  Calomys  callosus  and  Calomys  laucha,  two  of  the 
natural  reservoirs,  may  lead  to  an  immunological  explanation  of  the  natural 
history  of  the  virus  in  rodent  populations. 
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Proposed  Course  of  the  Project: 

Efforts  will  continue  to  develop  methods  suitable  for  measurement  of  all 
known  viruses  in  this  group,  and  to  complete  immunological  classification  of 
the  agents.   A  major  attack  on  the  experimental  parameters  controlling  trans- 
mission and  survival  of  Machupo  virus  in  Calomys  callosus  is  in  progress. 
Work  aimed  at  determining  to  which  virus  family  these  agents  are  related  and 
at  purifying  and  testing  various  sub-virionic  fractions  will  be  expanded. 
Contact  with  the  endemic  disease  area  in  Bolivia  will  be  maintained. 
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Project  Description: 

Objectives: 

To  develop  methods  for  measuring  arboviruses  and  their  antibodies 
and  to  study  in  detail  pathogenesis,  epidemiology  and  ecology  of  various 
arthropod-borne  virus  infections  in  man  and  animals. 

Methods  Employed: 

Standard  field  and  laboratory  procedures  are  used  for  isolation  of 
viruses  and  detection  of  antibodies  in  man  and  a  wide  variety  of  animals. 
A  longitudinal  study  approach  is  applied  in  certain  instances  to  the  study 
of  various  natural  populations. 

Major  Findings: 

Venezuelan  Equine  Encephalitis  (VEE):   Previous  work  on  antigenic 
variation  among  VEE  viruses,  using  a  kinetic  HI  technique,  resulted  in 
a  hypothesis  that  relatively  stable  geographic  variants  exist  and  that 
epidemic  disease  in  man  and  domestic  animals  is  related  to  overflow  from 
various  sylvan  endemic  foci  rather  than  the  result  of  widespread  sudden 
dissemination  of  virus  from  a  single  endemic  home  somewhere  in  tropical 
America.   If  correct,  this  concept  has  important  implications  for  future 
study  of  the  natural  history  of  this  virus  and  for  the  practical  con- 
siderations related  to  the  prevention  and  control  of  the  disease. 

During  the  past  year,  ten  new  virus  strains  from  Florida,  Colombia, 
Venezuela,  and  Trinidad  were  tested  and  each  proved  identical  to  older 
viruses  from  the  respective  localities,  thus  supporting  the  concept  of 
antigenic  stability  in  time  and  place. 

The  original  data  indicated  that  viruses  from  western  Panama  (Atlantic 
coast)  and  Gulf  Coast  Mexico  were  identical.   This  distance  is  more  than 
1200  miles  and  appeared  to  offer  the  principal  doubt  concerning  the  main 
hypothesis.   Field  studies  in  1967  by  our  laboratory  (detailed  below)  and 
by  the  Department  of  Microbiology,  Cornell  University,  resulted  in  recovery 
of  VEE  viruses  from  localities  on  the  Atlantic  coast  of  Nicaragua,  Belize, 
and  Honduras.   All  are  situated  between  Panama  and  Mexico.   All  of  these 
viruses  proved  to  be  identical  to  the  prototype  Panama  and  Mexico  strains. 
It  thus  appears  likely  that  a  single  major  variant  is  nearly  continuously 
distributed  over  this  entire  arc  of  Central  America.   It  remains  to  be 
seen  how  far  up  the  Gulf  Coast  endemic  foci  can  be  identified. 

Arbovirus  in  Nicaragua:   We  specifically  wished  to  isolate  VEE  virus 
from  some  point  between  Mexico  and  Panama.   Fortunately,  human  sera  were 
available  from  nearly  200  towns  in  Central  America  (see  Report 
and  neutralizing  antibodies  were  found  in  residents  of  two  Nicaraguan 
villages,  Bluefields,  near  the  Rio  Kurinwas,  and  Waspan,  on  the  Rio  Coco 
which  forms  the  Atlantic  border  between  Nicaragua  and  Honduras.  Requestion- 
ing  of  these  persons,  however,  together  with  the  absence  of  antibodies  in 
children  of  these  towns,  suggested  that  virus  activity  was  probably 
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localized  along  the  river  courses  rather  than  in  or  near  the  villages. 
Accordingly,  a  6-week  expedition  was  mounted,  with  the  superb  cooperation 
of  the  Nicaraguan  Ministry  of  Health,  to  try  to  obtain  the  virus  in  wild, 
remote  reaches  of  the  rivers.  Much  experience  was  gained  in  a  variety  of 
field  techniques  as  well  as  the  evaluation  of  equipment  designed  to  be 
efficiently  transported  by  air  and  boat.   Sentinel  hamsters  were  used  to 
attempt  virus  isolations,  wild  vertebrates  and  arthropods  were  collected, 
and  humans  and  domestic  animals  were  bled.   Specimens  were  preserved  in 
liquid  nitrogen. 

Organs  from  102  sick  or  dead  hamsters  were  tested  in  cell  culture 
and  99  viruses  were  isolated.   Of  these,  17  proved  to  be  VEE,  60  were 
strains  of  a  group  C  virus  related  to  Nepuyo,  20  were  identified  as 
Patois  (a  Guama  virus  first  described  in  Panama),  and  two  isolates  were 
mixtures  of  Neyupo-Patois.   About  half  of  the  wild  mammal  and  407o  of  the 
human  sera  had  neutralizing  antibodies  for  VEE.   Further  serological  studies 
are  in  progress.   It  may  be  concluded,  therefore,  that  at  least  three 
hamster-pathogenic  arboviruses  are  endemic  to  both  of  these  Nicaraguan 
river  systems. 

Group  C  Arboviruses:   In  cooperation  with  Dr.  Sunthorne  Srihongse, 
Gorgas  Memorial  Laboratory,  it  has  been  found  that  all  Group  C  viruses 
induce  intense  viremia  in  adult  hamsters,  accompanied  by  large  amounts 
of  hemagglutinating  antigen.   This  discovery  now  permits  simple  preparation 
of  antigens  and  clean,  high-titered  virus  pools.   Yields  from  a  single 
hamster  are  often  equivalent  to  those  obtained  from  200  infant  mice,  the 
previous  standard  host  system. 

As  with  many  other  groups,  the  group  C  arboviruses  are  presently 
classified  on  the  basis  of  vaguely  standardized  serological  relationships. 
Tiny  differences  are  often  cited  as  sufficient  to  name  a  new  virus  and 
the  critical  immune  reagents  are  usually  prepared  by  multiple  inoculations 
of  mice.   The  neutralization  test  has  been  little  used  and  is  the  old, 
imprecise  log  neutralization  index. 

Reasoning  that  neutralizing  antibodies  play  a  major  role  in  the 
evolution  and  natural  differentiation  of  arboviruses,  we  have  begun  a 
re-evaluation  of  this  virus  group.   It  has  been  found  that  guinea  pigs, 
cotton  rats,  and  ordinary  white  rats  are  infected  by  but  do  not  succumb 
to  these  agents.   Sera  are  therefore  prepared  by  a  single  standardized 
infectious  inoculum.   All  of  the  viruses  produce  plaques  in  VERO  cells 
and  preliminary  work  shows  that  highly  reproducible  results  are  obtained 
in  N  tests  in  which  sera  are  titrated  against  a  fixed  virus  dose.   Anti- 
body titers  range  from  1:128  to  >1:1024.   Results  of  the  reciprocal  ex- 
amination of  all  viruses  in  this  system  are  awaited  with  interest.  This 
approach  has  already  proved  very  useful  and  economical  in  identification 
of  numerous  field  isolates  and  has  the  added  advantage  of  providing 
recognition  of  virus  mixtures  based  on  differential  plaque  morphology. 
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Pathogenesis  of  Arboviruses:   Work  initiated  last  year  on  Junifi  virus 
using  infant  hamsters  and  a  protocol  designed  to  correlate  virus  assay, 
fluorescent  antibody  and  standard  pathological  methods  was  extended  to 
the  study  of  vesicular  stomatitis  (VSV)  and  Oriboca  (Group  C)  viruses. 
Direct  conjugates  were  prepared  from  immune  mouse  ascitic  fluids  and  VERO 
cells  were  used  for  quantitative  virus  determinations. 

Infant  and  adult  hamsters  were  killed  by  Oriboca  virus  in  about  40 
hours.   Virus  first  appeared  in  liver  at  12-16  hours  and  increased  rapidly 
thereafter,  reaching  a  titer  of  5x10^ /ml  by  32  hours.   Viremia  appeared 
to  be  2°  to  multiplication  in  liver,  and  increased  with  it  until  all  organs 
contained  virus  after  32  hours.   In  no  organ  except  liver,  however,  did 
virus  attain  titers  higher  than  those  in  blood,  suggesting  that  the  princi- 
pal and  perhaps  sole  site  of  multiplication  was  in  fact  the  liver. 

Specific  fluorescence  was  first  seen  16  hours  after  infection  in 
Kupffer's  cells,  in  cells  of  capillaries  of  portal  spaces,  and  in  histo- 
cytes  of  the  vascular  adventitia  of  the  liver.  At  20  hours,  scattered 
peri-portal  hepatocytes  were  positive.   During  the  next  12  hours,  liver 
parenchymal  fluorescence  increased  rapidly,  but  was  marked  by  distinct 
sparing  of  the  centro-lobular  zone.   No  fluorescence  was  seen  in  any  other 
organ  during  this  time.  At  40  hours  post-infection,  liver  fluorescence 
was  intense  and  concentrated  at  the  surfaces  of  the  sinusoids.   Only  in 
this  teirminal  phase  was  fluorescence  observed  in  other  organs.   This  pattern 
was  unique,  consisting  of  strong  staining  limited  to  the  endothelium  of 
vessels  of  all  sizes  in  every  organ.   It  was  possible  to  trace  the  course 
of  vessels  in  each  organ  just  as  if  a  fluorescent  dye  had  been  administered 
intravenously.   Terminally,  there  was  clear  histological  evidence  of  par- 
enchymal liver  necrosis — again  with  sparing  of  the  central  zone  of  each 
lobule. 

Similar  studies  were  done  with  three  serotypes  of  VSV  virus.   All 
three  killed  infant  hamsters  by  about  24  hours.   Virus  was  recovered  from 
liver  and  kidney  at  12  hours  and  thereafter  from  most  organs.   Titers  were 
always  highest  in  liver  and  there  was  progressive  viremia.   Fluorescent 
antigen  was  demonstrated  initially  in  mesodermal  cells  such  as  vascular 
connective  tissue  in  liver,  meninges  and  choroid  plexus.   Prior  to  death, 
diffuse  parenchymal  hepatic  staining  was  observed  and  antigen  appeared  in 
cells  of  the  granular  layer  of  the  brain  cortex  and  in  the  hippocampus. 
At  this  time  diffuse  capillary,  but  not  large  vessel,  fluorescence  was 
also  observed.   Histological  examination  of  moribund  animals  showed  clear 
evidence  of  severe  diffuse  hepatitis,  but  no  encephalitis. 

The  picture  was  somewhat  different  in  infant  mice.   Animals  generally 
suTTvived  48-72  hours,  and  virus  titers  were  higher  in  brain  than  in  liver 
or  blood.   Early  fluorescence  was  also  mesodermal,  but  rapidly  involved 
the  central  nervous  system,  until  there  was  widespread  parenchymal  staining 
of  basal  ganglia  and  cortical  portions  of  cerebrum  and  cerebellum,  which 
accompanied  histological  changes  reflecting  frank  encephalitis.   Although 
capillary  staining  was  also  prominent  late  in  the  course  of  infection,  the 
liver  never  exhibited  more  than  small  scattered  foci  of  fluorescence  in 
hepatocytes  and  there  were  no  histological  abnormalities.   It  thus  appears 
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that  these  viruses  have  immportant  pathogenic  differences  in  hamsters  and 
mice. 

New  Viruses;   Characterization  of  Matucare  virus,  an  agent  isolated 
from  soft  ticks  (Ornithodorus  boliviensis)  parasitizing  bats  in  San  Joaquin, 
Bolivia,  was  nearly  completed.   The  virus,  originally  suspect  as  Machupo 
virus  because  of  its  slow  pathogenesis  for  infant  hamsters,  has  been  shown 
to  contain  RNA,  is  ether  and  chloroform  sensitive,  and  produces  cytopathic 
effect  in  VERO  cells.   Filtration  studies  indicate  a  size  between  60-100  mjj,. 
Exhaustive  comparisons  with  arboviruses  at  YARU  failed  to  disclose  any 
relationship  by  CF  test.   Final  definition  as  well  as  surveys  of  various 
human  and  animal  sera  from  Bolivia  for  antibodies  are  still  frustrated  by 
inability  to  achieve  significant  homologous  virus  neutralization,  although 
several  approaches  have  been  tried.   New  attempts  to  prepare  hyperimmune 
antisera  are  now  in  progress.   Despite  the  apparent  lack  of  serological 
relationship,  other  properties  of  this  virus  are  strikingly  similar  to 
those  of  Tacaribe  viruses,  one  of  which  is  also  known  only  from  bats. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

The  various  studies  included  in  this  report  represent  continuing  broad 
efforts  to  understand  the  mechanisms  of  pathogenesis,  the  properties,  and 
the  natural  behavior  of  arboviruses  pathogenic  for  man  in  the  Americas. 
None  of  this  work  can  be  regarded  as  complete,  yet  each  approach  is  beginniiig 
to  yield  information  which  will  lead  to  a  coherent  picture  if  vigorously 
pursued.   Studies  are  designed  to  lead  not  only  to  specific  facts  useful 
in  combating  human  disease,  but  also  to  an  increase  in  our  ability  to 
reconstruct  the  variables  which  have  produced  speciation  and  survival  of 
the  viruses  in  nature.   Because  it  seems  unlikely  that  virus  vaccines 
offer  imminent  promise  as  "the"  answer  to  these  diseases  in  man,  an 
appreciation  of  the  vital  ecology  of  the  viruses  and  their  disparate 
hosts  may  provide,  in  the  long  run,  the  most  important  practical  foundation 
for  making  intelligent  public  health  decisions. 

Future  Course  of  Studies: 

Further  mapping  of  VEE  antigenic  variants  is  needed.   Antibody  data 
suggest  the  existence  of  an  endemic  focus  on  the  Pacific  coast  of  Costa 
Rica  which  should  be  investigated  since  conditions  do  not  suggest  a  basis 
for  continuous  existence  of  the  virus  along  that  coast  in  Central  America. 
It  is  also  important  to  determine  whether  VEE  occurs  along  the  Gulf  Coast 
of  the  United  States;  and, if  so,  to  determine  the  ecological  degree  of 
hazard  to  humans  implied.   Studies  of  antigenic  relationships  among  group  C 
arboviruses  with  new  techniques  are  important  since  they  promise  to  help 
us  arrive  at  a  better  rationale  for  virus  classification  and  improve  methods 
for  detection  of  natural  infection.   If  successful,  the  same  approach  to 
groups  A  and  B  is  indicated.   Finally,  refinement  of  techniques  in  the 
comparative  study  of  experimental  arbovirus  infection  are  sure  to  lead  to 
valuable  new  information  concerning  the  essential  relationships  in  the 
complex  arbovirus  host-parasite  relationship. 
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Project  Description: 

Objectives: 

To  determine  prevalence  of  specific  antibodies  to  a  large  number  of 
arbo  and  other  viruses  and  to  certain  parasites  among  families  carefully 
selected  on  a  random  basis  in  each  of  six  countries.   These  data  will 
then  be  related  to  detailed  information  being  collected  on  nutritional, 
socio-economic  parameters  of  these  individuals  by  INCAP  and  cooperating 
organizations. 

Methods  Employed: 

Family  groups  are  selected  statistically  well  in  advance  of  actual 
work.  Serum  samples  are  obtained  in  the  towns  and  villages  at  the  time 
of  large  scale  clinical  and  biochemical  surveys.   Sera  are  divided  with 
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aliquots  stored  at  INCAP  and  MARU  for  testing  by  standard  techniques  for 
virus  and  parasitic  antibodies.  CF  testing  with  exo-antigen  from  culture 
forms  of  T.  cruzi  is  used  for  Chagas'  disease  testing  and  the  IFAT  for 
toxoplasmosis.   HI  and  cell  culture  plaque  neutralization  tests  are  em- 
ployed for  arboviruses.  All  field  data  and  serum  inventories  are  handled 
on  IBM  cards. 

Major  Findings; 

Arbovirus  testing  on  rural  sub-samples  by  HI  technique  has  been 
completed  for  all  six  countries.  Work  is  in  progress  to  confirm  certain 
major  findings  by  neutralization  tests  and  to  expand  information  by  test- 
ing all  remaining  sera  from  certain  villages  showing  unusual  arbovirus 
activity  in  the  sub-sample.   Studies  with  group  A  arbovirus  are  nearly 
finished,  and  disclose  that  VEE  virus  is  by  far  the  most  common,  although 
presence  of  the  agent  was  limited  almost  completely  to  the  Atlantic  coastal 
region.   Of  12  villages  on  or  near  the  coastline,  9  had  significant  numbers 
of  individuals  with  N  antibodies.   At  least  one  community  on  the  Pacific 
coast,  in  Costa  Rica,  also  contained  many  positives.   No  sera  positive 
for  EEE  or  WEE  viruses  were  found.  A  similar  approach  to  group  B,  HI 
positive,  sera  has  been  initiated.   In  cooperation  with  Dr.  Srihongse, 
Gorgas  Memorial  Laboratory,  sera  from  several  villages  showing  group  C 
activity  are  being  retested  using  HA  antigens  for  11  distinct  members  as 
part  of  a  project  to  evaluate  HI  patterns  prior  to  N  testing. 

Screening  of  the  sub-sample  of  adult  sera  from  these  rural  communities 
for  neutralizing  antibodies  to  three  vesicular  stomatitis  viruses  (VSV)  and 
two  Bunyamwera-group  arboviruses  (Cache  Valley  and  a  Wyeomyia-complex 
virus)  was  completed  this  year.   The  new  data  from  Honduras  and  Panama 
showed  the  same  general  picture  as  in  the  first  four  countries.   For  the 
six  countries  together,  among  persons  15  years  of  age  or  older,  an  overall 
467o  had  antibodies  to  New  Jersey  VSV,  377o  to  Cache  Valley  virus,  and  ITL 
to  Indiana- type  VSV. 

Preliminary  analyses  led  to  the  conclusion  that  these  three  viruses 
are  endemic  in  many  different  areas  of  Central  America  and  Panama,  and 
that  the  New  Jersey  and  Cache  Valley  viruses,  and  to  a  lesser  extent  the 
Indiana  virus,  succeed  in  infecting  a  high  proportion  of  the  human  popu- 
lation in  certain  areas.   Prevalence  of  the  first  two  viruses  reached 
95-1007o  in  a  number  of  communities,  while  that  of  the  last  virus  attained 
about  607„  in  the  most  active  foci.  More  areas  appeared  to  be  free  of  the 
Indiana  virus  than  of  the  other  two. 

Human  antibodies  to  the  New  Jersey  VSV  were  most  prevalent  in  persons 
living  between  500  and  3500  feet  above  sea  level  (55-657o)  and  gradually 
became  less  prevalent  up  to  6000  ft.  where  the  prevalence  of  307o  was 
similar  to  that  from  sea  level  to  500  feet.   Above  6000  ft.,  the  figure 
dropped  abruptly  to  about  107>.   Indiana  virus  activity  was  not  so  clearly 
related  to  the  altitude,  except  that  above  6000  ft.  again  there  was  a 
sharp  drop  in  the  prevalence  figure. 


20 


There  was  a  strong  correlation  between  outdoor  occupations  and  past 
infection  with  either  type  of  VSV.  Further  analyses  of  the  lifetime 
residents  of  individual  communities  as  units  are  in  progress. 

Testing  of  the  entire  sample  of  over  15,000  specimens  has  been  com- 
pleted for  toxoplasma  and  T.  cruzi  antigens  and  detailed  analysis  of  these 
data  is  in  progress.  Antibodies  to  T.  cruzi  were  detected  in  only  about 
2%  of  the  population,  but  hitherto  unrecognized  foci  of  considerable  im- 
portance were  encountered  in  Nicaragua  and  Honduras.  Follow-up  of  some 
individuals  with  positive  reactions  has  not  resulted  in  isolation  of  the 
parasite,  but  did  reveal  an  unexpected  number  of  infections  with  T.  rangeli. 

The  overall  positivity  rate  for  toxoplasma  antibodies  was  relatively 
uniform  at  40-50%  in  all  countries.  Among  the  196  localities  sampled,  the 
range  was  from  13%  to  787o.  A  significant  finding  was  the  early  age  of 
acquisition  of  antibodies;  the  overall  positivity  rate  of  the  general 
population  was  reached  by  12-14  years  of  age  in  most  cases.  Another 
indication  of  infection  at  an  early  age  was  the  occurrence  of  the  greatest 
proportion  of  high  titers  (1:512)  in  the  4-8  year  age  group. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

This  project  already  has  been,  and  will  be,  of  fundamental  value 
to  the  mission  of  this  laboratory  in  at  least  four  significant  respects: 
1)  It  has  given  us  a  sound  appreciation  regarding  the  geographic  patterns 
of  occurrence  of  human  pathogenic  arboviruses.   From  a  long  list  of  agents 
isolated  in  this  area,  certain  viruses  were  shown  to  be  potentially  much 
more  important  than  others.   2)  It  has  already  permitted  us  to  make  accurate 
predictions  and  execute  fruitful  field  investigations  with  respect  to  our 
ability  to  recover,  and  study  the  ecology  of,  viruses  in  specific  localities. 
3)  It  has  provided  the  best  collection  of  sera  for  evaluation  of  new  methods 
for  determining  virus-specific  antibodies.   4)  It  provides  a  bank  and  data 
base  for  rapid  evaluation  of  distribution  of  new  viruses  which  may  be 
discovered. 

Proposed  Course  of  the  Project: 

It  is  anticipated  that  another  year  will  be  needed  to  finish  testing 
these  sera  and  making  statistical  analyses  of  the  many  variables  recorded. 
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Project  Description: 

Objectives: 

To  establish: 

1.  The  extent  and  importance  of  several  of  the  most  significant 
parasitic  infections  endemic  in  the  area. 

2.  The  possible  interrelationships  of  parasites  with  other  causative 
agents  of  human  disease. 

Methods  Employed: 

An  intensified  case- finding  program  with  serological  screening  of 
the  majority  of  all  patients  on  the  medical  service  of  Gorgas  Hospital 
was  carried  out.   Isolation  attempts  were  made  on  biopsy  and  body  fluid 
specimens  from  suspect  cases  in  an  attempt  to  verify  the  presence  of  the 
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significant  amount  of  clinical  diseas.e  hypothesized  to  be  present  in 
the  area  on  the  basis  of  the  high  prevalence  of  toxoplasma  antibodies. 
Evaluation  of  the  efficacy  of  Camolar®  in  the  treatment  of  cutaneous 
leishmaniasis  has  continued.   Tissue  culture  systems  for  parasitic 
isolations  and  for  production  of  protozoan  antigens  have  been  evalu- 
ated against  conventional  media  and  animal  host  systems. 

Major  Findings: 

The  search  for  the  predicted  cases  of  toxoplasmosis  was  a  success, 
with  eight  cases  parasitologically  proved  by  isolation  of  the  parasite. 
An  unprecedented  number  of  cases,  diagnosed  clinically  and  supported  by 
serological  reactions,  was  encountered  once  an  awareness  of  the  disease 
was  established.   Most  cases  were  relatively  benign  lymphadenopathic 
forms,  but  some  patients  were  quite  ill.   One  case  of  toxoplasmic  myo- 
carditis was  encountered  and  two  cases  with  sequelae  of  chorioretinitis 
were  documented.   Pronounced  racial  differences  in  the  mutilating  effect 
of  mucocutaneous  leishmaniasis  were  observed  in  Bolivia.   An  exaggerated 
dermal  hypersensitivity  to  leishmanin  antigen  in  Negroes,  over  that  demon- 
strated in  Indians,  suggests  hypersensitivity  to  be  a  mechanism  effecting 
these  differences.   The  development  of  delayed  hypersensitivity  in 
Leishmania  braziliensis  infection  was  demonstrated  in  vitro  with  experi- 
mental animals  by  macrophage  migration  inhibition,  and  with  humans  by 
blast  transformation  in  cultures  of  peripheral  lymphocytes.   The  previ- 
ously reported  finding  that  Camolar  has  efficacy  against  cutaneous  leish- 
maniasis equal  to  that  of  antimonial  therapy,  but  with  none  of  the  adverse 
reactions,  has  been  supported  in  the  continuation  of  the  study.   Tissue 
culture  cells  were  proven  to  be  an  unparalleled  means  of  producing  large 
volumes  of  leishmanial  and  T.  cruzi  antigens. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

The  findings  of  a  hitherto  unrecognized  level  of  clinical  cases  of 
toxoplasmosis  in  Canal  Zone  hospitals  suggests  the  high  prevalence  of 
antibodies  encountered  in  our  surveys  of  other  Latin  American  countries 
may  likewise  be  accompanied  by  a  similar  proportion  of  human  disease, 
which  could  therefore  constitute  a  significant  medical  problem.   The 
striking  racial  differences  in  the  effect  of  secondary  leishmaniasis 
between  Indians  and  Negros  provides  an  example,  unique  among  protozoan 
infections,  of  a  phenomenon  well-documented  in  tuberculosis  and  coccidi- 
oidomycosis.  This  might  prove  to  be  a  useful  model  for  the  study  of 
racial  differences  in  response  to  disease  agents. 

Proposed  Course  of  the  Project: 

The  project  will  continue  with  investigations  currently  in  progress 
on  similar  and  related  problems.   The  recent  arrival  of  an  entomologist 
and  a  veterinary  pathologist  will  allow  new  scope  to  the  project.   The 
feasibility  of  large  scale  testing  of  Camolar  against  leishmaniasis  is 
being  investigated. 
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Project  Description: 

Objectives: 

To  study  the  ecology  of  vesicular  stomatitis  virus  (VSV)  in  an 
endemic  area  of  the  disease  and  to  study  the  pathogenesis  of  experi- 
mental infection  in  various  wild  and  laboratory  animals. 

Methods  Employed: 

A  newly  developed  plaque  neutralization  test  was  used  to  detect  VSV 
antibodies  in  animal  and  human  sera.  Results  of  serological  testing  were 
summarized  on  IBM  cards  for  subsequent  tabulation  and  analysis.   Standard 
virus  isolation  techniques  were  used  to  study  the  pathogenesis  of  VSV 
infection  in  experimental  animals. 
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Major  Findings: 

Innnunological  suirveys  of  human  populations  in  Central  America  and 
Panama  have  demonstrated  an  overall  high  prevalence  of  antibodies  to  both 
the  Indiana  and  New  Jersey  strains  of  VSV.   Preliminary  analysis  of  results 
obtained  from  these  surveys  indicates:   (1)  The  prevalence  of  infection 
rises  with  increasing  age.   (2)  The  infection  rate  in  males,  30  to  60  years 
of  age,  is  significantly  higher  than  among  females  of  the  same  age  group. 
(3)  The  prevalence  of  infection  among  male  agricultural  workers  is  signifi- 
cantly higher  than  in  men  engaged  in  other  types  of  occupations.   (4)  VSV 
infection  is  uncommon  in  populations  living  at  altitudes  above  6,000  feet. 

In  addition,  sera  from  more  than  700  Panamanian  wild  animals,  repre- 
senting a  wide  variety  of  species  and  ecological  habitats,  have  been  tested 
by  plaque  neutralization  for  the  presence  of  VSV  antibodies.   These  studies 
suggest  that  arboreal  animals  are  principally  involved  in  the  natural  cycle 
of  the  virus.   Animal  species  with  the  highest  prevalence  of  VSV  antibodies 
are  the  same  which  have  been  found  naturally  infected  with  leishmania  in 
Panama.   Since  VSV  has  been  isolated  from  sandflies  on  six  occasions,  it 
appears  that  Phlebotomus,  the  presumed  vector  of  leishmaniasis,  may  also 
be  involved  in  the  transmission  of  vesicular  stomatitis  in  this  area. 
Available  information  about  the  host  preferences  and  feeding  habits  of 
certain  local  species  of  Phlebotomus  further  support  this  viewpoint. 

Experimental  infection  of  a  wide  variety  of  vertebrates  with  VSV 
has  been  carried  out  to  study  species  susceptibility  and  antibody  response. 
These  studies  demonstrate  that  most  mammals  are  susceptible  to  VSV  infection 
and  develop  neutralizing  antibody  within  4-8  days  following  virus  inoculation. 
Birds,  reptiles,  and  amphibians,  however,  did  not  develop  neutralizing 
antibody  following  VSV  inoculation.   More  intensive  studies,  including 
virus  isolation  and  titration,  were  done  to  determine  the  behavior  of  the 
virus  in  susceptible  animals.   To  date,  20  different  genera  of  mammals 
have  been  infected  with  the  Indiana  and  New  Jersey  strains  of  the  virus. 
Blood  and  throat  cultures  were  taken  periodically  and  titrated  in  tissue 
culture  and/or  suckling  mice.   Positive  isolations  were  obtained  from  the 
throat  (and  rarely  from  the  blood)  of  marmosets  infected  with  the  Indiana 
strain;  cultures  taken  from  all  other  animals  have  been  negative. 

Laboratory  studies  indicate  that  VSV  infection  is  asymptomatic  in 
most  adult  wild  animals,  but  that  it  is  lethal  to  some  species  of  young 
mammals.   Paralysis,  incoordination,  lethargy,  and  death,  with  subsequent 
isolation  of  the  virus  from  brain  tissue,  have  been  observed  in  young 
mice,  rats,  hamsters,  marmosets,  and  an  anteater  inoculated  with  VSV.   Pre- 
liminary experiments  indicate  that  young  hamsters  born  of  VSV- immune  mothers 
acquire  maternal  antibody  and  survive  subsequent  challenge  with  the  virus. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

Because  of  its  economic  importance  and  its  resemblance  to  foot-and- 
mouth  disease,  vesicular  stomatitis  has  long  been  of  interest  to  veterinary 
and  other  animal  health  agencies.   The  disease  occurs  in  sporatic  epizootics 
in  the  United  States,  but  is  enzootic  in  many  areas  of  Latin  America.  Recent 
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reports  of  human  cases  of  vesicular  stomatitis  in  the  United  States,  and 
results  of  immunological  surveys  in  Central  America  and  Panama,  indicate 
that  the  Indiana  and  New  Jersey  strains  of  VSV  also  infect  man  and  may  be 
of  considerable  public  health  importance.   Reported  clinical  cases  of  the 
disease  suggest  that  the  virus  produces  an  influenza- like  illness  in  adults. 
No  data  are  available  concerning  children.   The  marked  seasonal  occurrence 
of  the  disease  in  domestic  animals,  the  high  prevalence  of  anitbodies  in 
arboreal  animals,  and  the  isolation  of  the  virus  from  hematophagous  insects 
suggest  that  vesicular  stomatitis  may  be  arthropod- transmitted  and  that 
certain  species  of  wild  animals  may  serve  as  natural  reservoirs  of  the 
virus.  At  present,  however,  very  little  is  known  about  the  natural  history 
of  the  disease.   This  project  is  designed  to  provide  new  information  about 
the  ecology  of  VSV  and  the  epidemiology  of  the  disease. 

Proposed  Course  of  the  Project: 

Immunological  surveys  of  wild  animal  sera  will  be  continued  to  deter- 
mine which  species  are  involved  in  the  natural  cycle  of  the  virus.   In 
addition,  we  plan  soon  to  begin  field  studies  in  an  area  of  high  virus 
activity.   This  work  will  include  the  capture  and  serological  testing  of 
various  wild  animals,  the  collection  and  culture  of  hematophagous  arthro- 
pods, and  the  use  of  sentinel  animals.   Future  outbreaks  of  vesicular 
stomatitis  in  Panamanian  domestic  animals  will  be  investigated,  using 
similar  field  methods. 

Future  plans  also  include  the  establishment  of  an  insectary  and 
laboratory  colonies  of  selected  sandfly  species  to  be  used  in  experi- 
mental transmission  studies. 


27 


I 


LABORATORY  OF  GERMFREE  ANIMAL  RESEARCH 


Summary  1 

110  -  Administration,  Research  Planning  and  Coordination  5 

111  -  Comparative  Strain  Pathogenicity,  Serum  Proteins, 

and  Early  Lesions  in  Induced  Intestinal  Amebiasis  7 

112  -  Bacterial  Infection  and  Host-Bacterial  Relations 

in  the  Germf ree  Animal  11 

113  -  The  Genetic,  Cellular,  and  Regulatory  Factors  in 

Autoallergic  Diseases  15 

113-B  -  Production  of  Immune  Paralysis  in  Germfree  Animals  19 

114  -  Studies  on  Antibacterial  Antibodies  and  Host- 

Bacteria  Relationships  in  the  Germfree  Animal  21 

116  -  Immunoglobulin  Formation  in  Germfree  Mice 24 

116-B  -  "73"  Immunoglobulin  in  Mice  26 

116-D  -  Secretory  Immunoglobulin  A  28 

116-G  -  Fractionation  of  Lymphoid  Cells  ...„ 31 

116-H  -  Studies  on  Immunologic  Unresponsiveness  Produced 

by  Soluble  Transplantation  Antigens  33 

117  -  The  Immunologic  Response  of  Conventional  and  Germ- 

free Mice  to  Blood-Induced  Infections  of  Plasmodium 

berghei  35 

117-A  -  The  Effect  of  Pokeweed  Mitogen  on  Plasmodium  berghei 

Infections  in  Mice  39 

117-B  -  Immunologic  Studies  in  Simian  Malaria  41 

117-C  -  Separation  of  Different  Erythrocytic  Stages  of 

Plasmodium  berghei  43 

118  -  Studies  of  Thoracic  Duct  Lymphocytes  of  Mice  45 

118-A  -  The  Suppressive  Effects  of  Heterologous  Antithymocyte 

Sera  on  the  Homograf t  Reaction  in  Mice  48 

119  -  Antibody  Response  to  Bacteriophage  0X174  in  Germfree 

and  Conventional  Balb/c  Mice  51 


PHS-NIH 

Summary  Statement 

Office  of  the  Chief 

Laboratory  of  Germfree  Animal  Research 

July  1,  1967  through  June  30,  1968 

Over  the  last  few  years  certain  natural  and  logical  changes  have 
occurred  in  the  emphasis  that  has  been  placed  on  specific  areas  of  biomedical 
research  in  the  Laboratory.  With  the  addition  of  several  key  investigators, 
who  will  be  responsible  for  the  future  direction  of  the  research  effort,  the 
work  is  now  centered  around  the  area  of  microbial  immunity.  The  major  research 
interest  of  a  sizeable  proportion  of  the  investigative  staff  is  focused  on 
such  things  as  mechanisms  of  the  immune  response  to  malarial  organisms;  studies 
relating  to  the  nature  of  the  important  state  called  "immune  paralysis"  as  can 
be  produced  by  the  pneumococci;  the  kinetics  of  the  antibody  response  and 
mechanisms  of  the  recognition  of  antigen  by  immunocompetent  cells  using  a 
bacteriophage  model  system;  and,  investigations  concerned  with  immunoglobulin 
synthesis  in  the  parasitic  disease  amebiasis.  The  unique  germfree  animal  is 
being  employed  more  vigorously  as  an  important  tool  for  unraveling  basic 
aspects  of  the  immune  response  in  hosts  stimulated  by  microorganisms  or  their 
products.  As  far  as  antigenic  contact  is  concerned,  this  relatively  unexperi- 
enced animal,  for  instance,  has  been  unusually  useful  in  studies  relating  to 
the  induction  and  control  of  immunoglobulin  synthesis  following  the  use  of  the 
microbial  product,  endotoxin.  Other  scientists  of  the  Laboratory  center  their 
research  interests  in  the  areas  of  the  inherent  virulence  and  pathogenicity  of 
various  strains  of  microorganisms  as  evaluated  in  germfree  animals,  the  possible 
role  of  microbial  associates  and  host-parasite  relationships. 

The  younger  members  of  the  Laboratory  are  now  functioning  as  a  very 
cohesive  group  in  which  scientific  interchange  takes  place  at  an  almost  daily 
rate.  New  collaborative  projects  are  constantly  being  evolved.  The  scientific 
stature  of  the  staff  has  steadily  increased  as  is  reflected  by  invitations  to 
participate  in  national  and  international  symposia;  by  the  appointment  to 
policy  making  committees  and  of  one  staff  member  to  the  position  as  Chairman, 
NIAID  Editorial  Committee;  by  selection  to  serve  as  teachers  in  the  tutorial 
seminars  of  the  Research  Associate  Program;  by  invitations  to  present  special 
lectures  on  their  research  or  to  provide  scientific  consultation  to  investiga- 
tors at  NIH  and  in  universities;  and,  by  requests  to  prepare  working  manuscripts 
for  world  organizations  such  as  WHO. 

Distinguished  investigators  from  abroad  have  sought  counsel  from  the 
professional  staff  and  in  turn  these  visitors  from  countries  including  Japan, 
Australia,  France,  Germany,  Italy,  Senegal,  Russia  and  Poland  have  provided 
us  with  much  stimulation  and  food  for  thought. 

The  research  accomplishments  which  follow  serve  to  illustrate  the  research 
activities  of  the  Laboratory  and  to  identify  the  extensive  collaboration  of 
investigators  within  the  Laboratory  or  with  other  laboratories  located  either 
in  the  intramural  program  of  NIH  or  in  universities. 


RESEARCH  ACCOMPLISHMENTS 


MICE  VARY  IN  IMMUNE  For  a  more  accurate  immunological 

RESPONSE  TO  MALARIA  picture  of  the  factors  intrinsic 

to  the  malaria  parasite  it  is  of 
importance  to  study  the  disease  in  a  host  uninfluenced  by  the  presence  of 
microbial  associates.   In  line  with  this^  immunological  parameters  were  studied 
in  germfree  mice  infected  with  Plasmodium  berghei.   Studies  relative  to  the 
7S7  immunoglobulins  revealed  that  the  rates  of  synthesis  were  higher  in  the 
germfree  animals  than  in  their  conventional  counterparts.   In  addition,  the 
symptoms  of  the  disease  were  not  as  severe  in  the  germfree  as  in  the  conven- 
tional mice.   Significantly,  the  fluorescent  antibody  titers  to  P.  berghei 
reached  the  same  level  in  both  groups.   One  difference,  however,  was  that 
malarial  antibody  was  detected  earlier  and  initially  was  higher  in  germfree 
than  conventional  mice.   It  was  found  that  some  strains  of  mice  were  less 
susceptible  to  P.  berghei  infections  suggesting  genetic  variations  in  their 
response  to  this  parasite.   In  regard  to  synthesis,  mice  of  the  NIH  strain 
showed  increased  levels  for  all  of  the  immunoglobulins  whereas  those  of  the 
Balb/c  strain  revealed  increases  only  for  IgM,  7S7i,  and  lSy2a.  ^^^   ^°^   ^°^  ■'-S^ 
or  7S72b*   Experiments  in  NIH  mice  disclosed  a  unique  finding  in  which  approx- 
imately half  of  the  animals  showed  significant  levels  of  7S72^  while  in  the 
other  half  this  immunoglobulin  was  barely  detectable.   This  may  indicate  an 
allotype  variation  for  7S72a  within  this  strain.   The  immune  response  to  £. 
berghei  in  other  strains  of  mice  is  currently  under  investigation  in  an  effort 
to  further  determine  pertinent  genetic  variations  in  malarial  immunity. 
(Drs.  J.  F.  Finerty  and  J.  E.  Tobie) 

DEVELOPMENTAL  STAGES  OF  The  various  developmental  stages 

MALARIA  PARASITE  ISOLATED  of  the  erythrocytic  forms  of 

malaria  parasites  can  now  be 
isolated.   Previously,  there  was  no  method  available  by  which  the  asexual  stages 
could  be  separated  from  each  other,  an  important  step  in  determining  which 
stage  or  stages  stimulate  antibody  and  immunoglobulin  synthesis.   The  method 
employs  a  discontinuous  density  gradient  in  which  red  blood  cells  infected  with 
malaria  parasites  are  centrifuged  with  17-357o  gradients  of  bovine  serum  albumin. 
It  was  found  that  parasitized  erythrocytes  had  a  buoyant  density  greater  than 
nonparasitized  red  blood  cells.   Separation  of  the  stages  was  accomplished  by 
virtue  of  the  fact  that  the  mature  schizont  had  the  highest  buoyant  density 
followed  by  the  young  schizont  and  trophozoite  stages.   Due  to  the  variations 
in  size  the  trophozoite  could  be  further  separated  by  altering  the  conditions 
of  the  gradient.   It  is  anticipated  that  this  method  will  now  make  it  possible 
to  elucidate  the  role  played  by  the  individual  stages  of  the  parasite  in  the 
development  of  immunity  to  malaria.   (Drs.  J.  F.  Finerty  and  R.  Asofsky) 

BACTERIOPHAGE  USED  TO  DETECT  The  specific  adherence  of  bac- 

ANTIGEN-REACTIVE  CELLS  teriophage  to  the  surface  of 

immune  cells  can  be  used  for  the 
detection  and  enumeration  of  cells  making  antibody  against  bacteriophage.  The 
adherence  of  at  least  one  biologically  active  phage  particle  is  sufficient  to 


produce  an  infective  center  (a  plaque)  using  an  appropriate  assay  system  for 
phage.   Since  it  would  appear  reasonable  to  assume  that  only  a  few  molecules 
of  antibody  are  required  to  effect  specific  adherence,  such  an  experimental 
model  may  have  great  potential  in  studies  dealing  with  the  very  early  stages 
of  the  immune  response  and  the  recognition  of  antigen  by  immunocompetent  cells. 
Investigations  relevant  to  these  issues  are  currently  in  progress.   (Dr.  P.  J. 
Baker) 

PATHOGENICITY  OF  MYCOPLASMA.  There  is  substantial  evidence 

EVALUATED  IN  GERMFREE  RATS  that  Mycoplasma  hominis  type  II 

is  serologically  related  to 
Mycoplasma  arthritidis,  an  infectious  agent  causing  arthritis  in  rats.   How- 
ever, there  are  conflicting  reports  regarding  the  ability  of  M.  hominis  type 
II  to  produce  polyarthritic  disease  in  conventional  rats.   In  studies  designed 
to  advance  our  knowledge  in  this  area,  germfree  rats  were  found  to  be  highly 
susceptible  to  M.  arthritidis  ST64;  germfree  rats  required  a  minimum  infecting 
dose  of  4  X  10^  organisms  compared  to  4  x  10^  for  conventional  control  rats. 
In  other  studies,  the  ST15  and  compo  strains  of  M.  hominis  type  II  were  selected 
for  investigation.   Neither  of  these  two  strains  was  found  pathogenic  for 
germfree  rats  but  both  strains  were  pathogenic  for  conventional  animals.  By 
one  day  post-inoculation  the  mycoplasma  in  the  germfree  rats  had  been  cleared 
from  the  peripheral  blood  and  the  recovery  record  from  joints,  spleen,  kidneys 
and  lung  remained  negative  throughout  a  21  day  period  of  examination.   In  the 
past,  the  ubiquitous  presence  of  mycoplasma  and  other  microflora  in  the  con- 
ventional rodent  has  made  it  difficult  to  assess  the  true  pathogenicity  of 
certain  mycoplasma.   Studies  using  the  germfree  rat  have  helped  to  clarify 
the  inherent  virulence  of  the  ST15  and  compo  strains  of  M.  hominis  type  II. 
(Dr.  R.  E.  Horton  with  Dr.  D.  L.  Madden  (LBD,  NIAID)) 

SUPPRESSIVE  ACTION  OF  SOLUBLE  An  important  objective  of  recent 

TRANSPLANTATION  ANTIGENS  STUDIED  research  in  transplantation 

immunology  is  the  prevention  of 
allograft  rejection  with  minimum  danger  to  the  recipient.  This  could  be 
achieved  by  the  induction  of  hyporesponsiveness  or  unresponsiveness  specific 
for  the  grafted  tissue.   The  suppressive  effects  of  soluble  proteins,  derived 
from  cell  membranes,  and  bearing  defined  histocompatibility  antigens,  is  under 
investigation  in  mice.   Spleen  cells  from  Balb/c  mice  obtained  following  intra- 
venous inoculation  of  such  proteins  from  C57BL/6  cells  produce  diminished 
graft  versus  host  reactions  when  inoculated  into  newborn  C57B1  mice.   This 
hyporeactivity  is  produced  with  doses  of  antigen  smaller  than  those  required 
for  immunization,  and  with  an  appropriate  dose  lasts  up  to  2  weeks.   The  effect 
is  reproducible  with  different  preparations  of  antigen,  although  there  appear 
to  be  quantitative  differences  in  optimum  dose  from  preparation  to  preparation. 
Investigation  of  the  effects  of  several  injections  of  these  antigens,  and  of 
their  possible  synergistic  action  with  antilymphoid  sera  are  in  progress,  in 
the  hope  that  sufficient  hyporesponsiveness  can  be  obtained  to  permit  prolonged 
skin  graft  survival.   (Drs .  M.  Mandel  and  R.  Asofsky,  with  Drs .  T.  Canty,  J.  L. 
Fahey,  D.  Mann,  and  G.  N.  Rogentine  (Immunology  Branch,  NCI)  and  Dr.  S.  Nathanson 
(Albert  Einstein  Medical  Center,  N.Y.C.)) 


SUPPRESSION  OF  HOMOGRAFT  REACTION  Antisera  prepared  by  immunizing 

BY  ANTITHYMOCYTE  SERUM  MEASURED  animals  of  one  species  with 

Ijrmphoid  cells  from  another  have 
proved  to  be  potent  reagents  for  the  prevention  of  graft  rejection,  and  have 
found  clinical  application  in  patients  receiving  kidney  grafts.   An  accurate 
quantitative  assay,  using  graft  versus  host  reactions  produced  by  cells  from 
mice  treated  with  rabbit  antithymocyte  sera  (ATS)  and  those  produced  by  cells 
from  control  mice  was  employed  to  measure  the  degree  and  duration  of  suppression 
produced  by  ATS,  and  to  identify  its  active  components.   It  was  found  that  the 
effects  of  ATS  lasted  several  weeks,  but  that  a  fairly  substantial  lowering  of 
reactivity  (about  10-fold)  was  required  to  prevent  graft  rejection.   Both 
classes  of  rabbit  immunoglobulin  studied,  IgM  and  IgG,  proved  to  be  active, 
and  there  was  a  suggestion  that  they  might  act  synergistically.   The  bulk  of 
the  total  suppressive  activity  was  found  in  the  IgG  fraction.   Intact  IgG  was 
at  least  6  times  as  potent  as  its  most  active  subunit.   Subunits  of  IgM  were 
inactive.   Present  studies  are  concerned  with  a  remarkably  enhanced  effect  of 
the  IgG  fraction  of  antithjrmocyte  cell  serum  in  germfree  mice.   These  studies 
should  elucidate  some  of  the  mechanisms  of  action  of  antithymocyte  serum,  as 
well  as  establish  optimum  regimens  for  treatment  with  these  agents.   (Drs.  M. 
Mandel  and  R.  Asofsky) 

LYMPHOID  CELLS  FRACTIONATED  The  lymphoid  system  is  composed 

of  an  extremely  heterogeneous 
group  of  cells  which  are  found  both  in  solid  tissues  and  in  the  circulation. 
These  cells  mediate  a  large  variety  of  immunologic  and  other  reactions.   In 
an  effort  to  separate  some  of  these  functional  activities,  and  to  concentrate 
and  purify  cells  engaged  in  specific  reactions,  spleen,  blood,  and  peritoneal 
exudate  cells  have  been  centrifuged  in  17-357o  gradients  of  bovine  serum  albumin. 
It  is  possible  to  separate  macrophages  from  other  lymphoid  elements  using  this 
procedure,  since  the  former  are  far  more  buoyant  in  albumin  than  the  latter. 
Cells  engaged  in  immunoglobulin  and  antibody  synthesis,  as  judged  by  their 
capacity  to  incorporate  C^^- labeled  amino  acids  into  proteins,  are  of  inter- 
mediate buoyancy;  cells  mediating  graft  versus  host  reactions  and  "delayed 
hypersensitivity"  reactions  in  vitro  are  least  buoyant.   Recovery  of  cells  has 
ranged  from  60-807o;  recovery  of  functional  activity  usually  exceeds  757o.   Six 
to  eight  fold  concentrations  of  activity  have  been  achieved.   At  present,  two- 
step  procedures  are  under  investigation  for  further  purification  of  activities. 
It  is  anticipated  that  pure  fractions  can  be  obtained  for  morphologic  and 
biochemical  study.   (Drs.  R,  Asofsky,  P.  Baker,  J.  Finerty  and  M.  Mandel) 
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insuring  that  the  Laboratory  will  have  a  continuing  high  degree  of  research 
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Project  Description: 
Project  Subtitle  I: 


Objectives: 


Studies  on  the  comparative  virulence  of  various  strains 
of  Entamoeba  histolytica 


To  determine  whether  the  wide  variation  in  pathogenicity  of  different 
strains  of  E.  histolytica  is  due  to  inherent  strain  characteristics  or  to 
ecological  influences. 


Methods  Employed: 

Various  procedures  for  cultivating  E.  histolytica  in  vitro  (axenic, 
mono  and  multi-bacterial,  and  ameba-Trypanosomatidae  cultures)  were  evaluated 
for  their  ameba  growth  promoting  potential  and  effects  on  the  virulence  of 
known  pathogenic  strains  of  the  ameba  for  experimental  gnotobiotes.   Efforts 
were  directed  toward  development  of  a  procedure  that  would  promote  good 


growth  of  E.  histolytica  in  vitro  while  maintaining  its  virulence  to  facil- 
itate studies  on  the  comparative  pathogenicity  of  various  strains  of  the 
ameba  under  identical,  rigidly  controlled  environmental  conditions. 

Major  Findings: 

A  completely  satisfactory  method  for  comparing  pathogenicity  of  amebic 
strains  has  not  emerged.  Axenic  isolation  and  cultivation  of  several  patho- 
genic strains  of  E.  histolytica  has  resulted  in  a  complete  loss  of  their 
virulence.   Furthermore,  this  alteration  has  appeared  to  be  irreversible  in 
that  re-isolation  of  the  ameba  with  its  previously  associated  bacterial 
symbionts  has  not  restored  virulence.   It  is  perhaps  of  significance  in  this 
connection  that  E.  histolytica  does  not  produce  cysts,  thus  completing  its 
life  cycle,  in  axenic  culture  and  we  have  been  unable  to  induce  encystation 
of  such  amebae  even  when  returned  to  a  bacterial  association  with  which 
encystation  was  heretofore  regularly  induced. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 

Amebae  produced  r[i  vitro  by  current  axenic  methods  are  unsatisfactory 
for  studies  of  the  disease  in  experimental  animals.   Also  of  interest  is  the 
observation  that  an  absence  of  amebic  virulence  paralleled  an  inability  of 
the  ameba  to  encyst.   Hence  it  is  again  suggested  that  E.  histolytica 
pathogenicity  depends  on,  among  other  things,  the  periodic  or  occasional 
ability  of  the  ameba  to  complete  its  life  cycle. 

Proposed  Course  of  Project: 

Considerable  improvement  in  investigative  methods  is  a  prerequisite  for 
successful  pursuit  of  this  complex  problem.   It  is  believed  that  more  know- 
ledge of,  and  improved  methods  for  inducing  encystation  of  E.  histolytica 
are  essential  to  further  progress.   Hence  it  is  within  this  very  intriguing 
area  of  amebic  research  that  the  next  efforts  will  be  pursued. 

Project  Subtitle  II:   Immunoglobulins  in  amebiasis 

Objectives : 

To  study  the  effects  of  induced  amebic  enteritis  on  the  serum  immuno- 
globulins in  germf ree  guinea  pigs . 

Methods  Employed: 

Germf  ree  guinea  pigs  were  inoculated  at  the  age  of  14  days  with  E. 
histolytica  cultivated  in  vitro  in  association  with  a  species  of  Crithidia. 
The  amebae  were  inoculated  intracecally  into  an  area  of  intentional  mechanical 
traumatization  of  the  cecal  epithelium.  Dual  control  animals  of  the  same  age 
were  comprised  of  uninoculated  germfree  animals  and  germfree  animals 
inoculated  with  the  species  of  Crithidia  only.  Animals  of  all  3  groups  were 
bled  at  appropriate  intervals,  sera  were  collected  and  assayed  for  the 


different  classes  of  immunoglobulins  and  comparisons  were  made  of  the 
immunoglobulin  levels  of  the  3  groups. 

Major  Findings: 

All  of  the  control  animal  work  has  been  completed  and  sera  has  been 
collected,  frozen  and  stored.   It  is  anticipated  that  sera  will  be  available 
from  well  over  100  germfree  guinea  pigs.  Production  of  essential  antisera 
has  not  been  completed  and  immunochemical  determinations  have  not  as  yet 
been  made. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 

The  germfree  guinea  pig  provides  a  potentially  useful  model  for 
determining,  for  the  first  time,  the  precise  effects  of  amebic  infection  on 
serum  immunoglobulins. 

Proposed  Course  of  Project; 

The  immunochemist  collaborator  has  recently  left  the  NIH.   It  is  hoped 
to  continue  the  studies  with  another  conq)etent  collaborator. 


Project  Subtitle  III;  The  early  pathogenesis  of  amebic  enteritis 

Objectives ; 

To  elucidate  the  mechanism(s)  of  pathogenesis  of  intestinal  amebic 
disease. 

Methods  Employed: 

Germfree  guinea  pigs  were  intentionally  contaminated  with  a  bacterial 
flora  comprised  of  bacteria  used  to  cultivate  E.   histolytica  in  vitro.  The 
ameba  were  inoculated  intracecally  and  animals  were  sacrificed  at  intervals 
of  several  hours,  at  first,  and  then  at  daily  intervals.  Tissues  were  pre- 
pared by  appropriate  methods  and  examined  by  light  and  electron  microscopy. 
The  examinations  concern  the  initial  contact  of  the  ameba  with  the  micro- 
villae,  its  method(s)  of  penetrating  this  and  other  tissue  layers,  and  the 
tissue  reaction  to  such  penetration. 

Major  Findings; 

This  phase  of  the  investigations  is  of  recent  origin  and  definitive 
results  and/or  observations  are  not  yet  available. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

The  mechanism(s)  of  pathogenesis  of  intestinal  amebiasis  is  one  of  the 
more  provocative  subjects  in  the  broad  field  of  amebiasis  investigations. 
It  is  the  subject  of  differing  opinions  none  of  which  can  be  scientifically 
supported.  By  controlling  the  host  flora,  by  studying  effects  with  different 


flora^  and  by  utilizing  electron  microscopic  examination  of  early  lesions, 
it  is  hoped  that  more  definitive  information  can  be  obtained  concerning  this 
important  subject. 

Proposed  Course  of  Project; 

To  continue  as  outlined  above. 

Honors  and  Awards ; 

Invited  by  World  Health  Organization  to  participate  in  a  meeting  of 
The  Expert  Committee  on  Amebiasis  by  preparing  a  paper  for  consideration  at 
a  meeting  to  be  convened  in  1968. 

Publications; 

Phillips,  Bruce  P.;   Induced  amebic  enteritis  in  the  germfree,  mono- 
contaminated,  and  conventional  guinea  pig.   Adv.  in  Germfree  Res.  and 
Gnotobiology.   Chemical  Rubber  Company,  in  press. 
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Project  Description: 

Project  Subtitle  I:  Metabolism  of  the  carcinogen  N-hydroxy-N-2-fluorenylace- 
tamide  (N-OH-FAA)  in  germfree  rats 

Objectives: 

To  compare  the  metabolism  of  N-OH-FAA  in  germfree  and  conventional  rats 
and  determine  the  role  of  the  intestinal  flora  in  this  metabolic  process. 

Methods .  Employed ; 

Germfree  and  conventional  adult  male  Fischer  rats  were  given  a  single 
dose  of  the  labeled  carcinogen  (N-OH-FAA- g-C-*-^)  by  intraperitoneal  injection. 
Each  rat  was  individually  housed  in  a  special  metabolism  cage  and  given  free 
access  to  sterilized  diet  and  drinking  water.  Twenty-four  and  48  hours  later, 
urine,  fecal  matter,  liver  and  plasma  were  assayed  for  isotope  activity. 

Major  Findings: 

Previous  work  has  shown  approximately  407o  of  a  dose  of  the  carcinogen 
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N-2-fl»orenylacetamide  is  excreted  in  urine  by  adult  conventional  male  rats 
after  24  hours .  A  smaller  amount  of  activity  appears  in  the  feces  over  a 
longer  period  of  time  and  is  that  excreted  from  the  liver  into  the  bile. 
Some  of  the  activity  in  the  intestinal  tract  is  resorbed  and  recirculated. 
However,  when  N-OH-FAA  the  active  intermediate  metabolite  is  given  as  a 
single  dose  large  amounts  of  this  agent  are  found  in  the  bile,  but  very 
little  is  recovered  in  the  urine  of  conventional  rats.   It  has  been  suggested 
that  the  intestinal  flora  may  modify  this  compound.  To  explore  this  possibil- 
ity the  present  study  was  conducted  with  germfree  rats  where  the  microbial 
action  would  be  eliminated.   Under  these  conditions,  one  would  expect  to 
recover  larger  amounts  of  this  compound  in  the  urine. 

While  similar  amounts  of  plasma,  liver  and  fecal  isotope  were  found  in 
germfree  and  conventional  control  rats,  marked  differences  were  noted  in  the 
urinary  levels  of  active  carcinogen  N-OH-FAA  compared  to  detoxification  pro- 
ducts (ring  hydroxylated  3-,  5-,  and  7-OH-FAA) .   The  ratio  of  N-OH-FAA  to 
ring  hydroxylated  (3-  +  5-  +  7-OH-FAA)  in  conventional  rats  was  45  and  36 
after  1  and  2  days  in  percent  of  dose,  and  35  and  29  in  percent  of  glucuronide 
fractions.   In  germfree  rats  the  corresponding  values  were  136  and  140  as 
percent  of  dose,  and  119  and  156  as  percent  of  glucuronide  fraction.  The 
intestinal  contents  of  germfree  rats  showed  weak  mammalian  p-glucuronidose 
activity  compared  to  the  conventional  rats.  The  main  metabolites  in  the  feces 
of  conventional  and  germfree  rats  were  free  compounds,  and  water-soluble  con- 
jugates, respectively.   Data  from  this  study  reflect  participation  of  intes- 
tinal flora  in  the  metabolism  of  N-OH-FAA,  particularly  in  the  splitting  of 
glucuronides  and  the  reduction  of  N-OH-FAA  within  the  intestinal  tract. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 

Studies  of  this  type  furnish  distinct  evidence  of  how  the  metabolic 
pathway  of  an  aromatic  compound  like  N-OH-FAA  is  altered  by  the  enzymatic 
activity  of  the  intestinal  flora  of  a  host. 

Proposed  Course  of  Pro-ject: 

This  study  has  been  completed  and  no  further  work  is  anticipated. 

Honors  and  Awards :   None 

Publications:   None 


Project  Subtitle  II:   Pathogenic  relationships  between  Mycoplasma  hominis 
type  II  and  Mycoplasma  arthritidis 

Objectives : 

While  there  is  good  serological  evidence  that  M.  hominis  type  II  is 
related  to  M.  arthritidis,  there  are  conflicting  reports  regarding  the 
pathogenicity  of  M.  hominis  type  II  for  conventional  rats.   The  present 
study  was  designed  to  compare  the  virulence  of  two  campo  strains  of  M. 
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hominis  type  II  (ST15  and  ST18)  with  a  well  recognized  pathogenic  strain 
M.  arthritidis  (ST64)  in  germfree  rats. 

Methods  Employed; 

Cultures  of  Mycoplasma  sp.  were  grown  on  horse  serum  PPLO  medium  and 
titered  at  the  time  of  inoculation  for  colony  forming  units.   Inoculation  of 
rats  was  accomplished  by  slowly  injecting  0.5  ml  of  broth  containing  the 
organism  by  the  intracardiac  route.  Animals  were  observed  daily  for  signs  of 
arthritic  lesions  of  the  upper  and  lower  extremities.  At  designated  days 
following  injection,  one  inoculated  and  one  control  animal  were  bled  for 
serological  examination  and  then  necropsied.   All  joints  were  examined  for 
evidence  of  infection.  To  recover  the  organism,  exudate  from  joint  lesions 
together  with  representative  tissue  samples  from  liver,  spleen,  kidney,  lung, 
trachea  and  nasal  turbinates  were  cultured  in  horse  serum  PPLO  medium. 
Corresponding  tissues  were  collected  for  histopathology  and  fluorescent  anti- 
body examination. 

Major  Findings: 

Previous  work  with  M.  arthritidis  ST64  has  shown  germfree  rats  to  be  more 
susceptible  than  conventional  rats  to  infection  by  this  agent.   In  titration 
studies  8  x  10°  organisms  per  ml  were  required  to  produce  arthritic  lesions  in 
conventional  rats,  whereas  approximately  8  x  10*+  organisms  were  required  for 
germfree  rats.  With  M.  arthritidis  ST64  the  arthritic  lesions  in  germfree  rats 
began  on  the  3rd  and  4th  days  and  were  characterized  by  intense  swelling  and 
erythema  of  soft  tissue  about  the  involved  joints.  Occasionally  these  abscesses 
were  observed  to  extend  to  the  skin  surface  and  drain.   Polyarthritic  involvement 
was  most  severe  in  the  lower  extremities  and  was  accompanied  by  some  degree  of 
local  motor  paralysis.  Urinary  bladder  distention,  diarrhea  and  nasal  discharge 
frequently  was  observed  in  severe  cases.  These  signs  begin  to  remit  by  the 
14th  day.  Organisms  can  be  recovered  with  no  difficulty  throughout  this  period. 

The  occurence  of  arthritic  lesions  in  germfree  animals  inoculated  with 
either  ST15  or  ST18  strain  of  M.  hominis  type  II  have  not  been  confirmed  by 
our  present  studies.   Strict  control  of  any  interference  by  extraneous  myco- 
plasma within  the  germfree  system  may  explain  these  differences.   The  recovery 
record  from  blood  of  these  strains  was  positive  up  to  the  4th  day  post  inocula- 
tion and  negative  thereafter. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 

The  ubiquitous  presence  of  mycoplasma  in  conventional  rodents  has  made  it 
difficult  to  evaluate  the  pathogenicity  of  a  specific  low-virulent  Mycoplasma 
sp.  in  these  animals.  The  germfree  rat  serves  as  an  ideal  host  for  this  type 
of  study  since  Interference  by  extraneous  agents  can  be  controlled. 

Proposed  Course  of  Project; 

This  study  is  essentially  completed  except  for  examination  of  the 
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histopathology  and  fluorescent  antibody  preparations.   Following  this 
results  will  be  prepared  for  publication. 

Honors  and  Awards :   None 

Publications :   None 


i 
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Project  Description: 

Project  Subtitle  I:   Prevention  of  autoimmune  disease  by  antigenic  competi- 
tion 

Objectives: 

To  develop  methods  of  preventing  the  development  of  autoallergic  disease 
and  to  determine  their  mode  of  action  so  that  the  most  effective  procedures 
can  be  devised. 

Methods  Employed: 

Animals  were  immunized  with  two  antigens,  thyroid  extract  and  bovine 
gamma  globulin  (BGG)  in  an  emulsion  of  Freund's  complete  adjuvant.   These 
were  compared  with  other  animals  immunized  just  with  the  thyroid  extract 
emulsified  in  complete  adjuvant.  The  frequency  and  severity  of  allergic 
thyroiditis  in  these  animals  was  determined  histologically;  the  serum  anti- 
body titer  to  the  thyroid  extract  and  to  BGG  was  measured  by  the  bentonite 
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Major  Findings : 

The  tlayroid  glands  of  ttie  scorbutic  guinea  pigs  appeared  entirely  normal 
when  examined  histologically  17  days  after  immunization.   By  contrast  all  the 
immunized  control  animals,  examined  at  the  same  time,  had  thyroiditis.   The 
antibody  levels  in  the  scorbutic  animals  were  lower  tiian  in  the  immune  control 
animals,  but  the  levels  of  delayed  sensitivity  in  the  two  groups  were  nearly 
identical. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 

These  studies  indicate  that  the  diet  may  influence  the  incidence  of 
autoallergic  disease,  possibly  by  altering  the  immune  response.   The  deficient 
diet  reduced  not  only  the  incidence  of  disease  but  also  the  antibody  titer. 
Because  the  deficient  diet  did  not  appear  to  alter  the  level  of  delayed  sen- 
sitivity, the  results  indicate  that  the  nature  of  the  antibody  response  may  be 
more  important  than  delayed  sensitivity  in  producing  the  disease. 

Proposed  Course  of  Project: 

To  determine  the  influence  of  this  diet  upon  the  course  of  the  disease 
when  the  dietary  deficiency  is  begun  after  the  disease  is  established. 

Project  Subtitle  III:   Inhibitory  effect  of  Methotrexate  upon  the  development 
of  allergic  thyroiditis 

Objectives : 

To  determine  whether  Methotrexate,  which  inhibits  the  development  of 
immune  mechanisms,  can  inhibit  the  development  of  autoimmune  thyroiditis. 

Methods  Employed: 

Guinea  pigs  were  immunized  with  thyroid  extract  and  complete  Freund's 
adjuvant.   Delayed  sensitivity  was  measured  by  injecting  thyroid  antigen 
intradermally,  the  antibody  titer  was  measured  by  the  bentonite  flocculation 
test,  and  the  degree  of  thyroiditis  was  determined  by  histologic  examination. 
20  mg  of  Methotrexate  was  given  I. P.  twice  a  week  to  the  experimental  animals. 

Major  Findings: 

When  guinea  pigs  were  treated  with  Methotrexate,  twice  a  week  from  the 
time  of  immunization  to  the  time  of  examination  3  weeks  later,  they  did  not 
have  thyroiditis,  antibody  to  thyroid,  or  delayed  sensitivity. 

Comparable  groups  immunized  with  the  same  dose  of  thyroid  extract,  but 
not  treated  with  Methotrexate,  all  developed  thyroiditis,  as  well  as  antibody 
and  delayed  sensitivity  to  the  thyroid  antigen  within  3  weeks  after  immuniza- 
tion. 
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flocculation  test;  and,  the  level  of  delayed  hypersensitivity  to  these  anti- 
gens graded  by  skin  tests. 

Major  Findings; 

Animals  immunized  with  thyroid  extract  emulsified  in  complete  Freund's 
adjuvant  developed  allergic  thyroiditis  within  a  few  weeks  and  continued 
thereafter  to  be  diseased.  By  contrast,  those  immunized  with  bovine  gamma 
globulin  and  thyroid  extract  emulsified  in  Freund's  complete  adjuvant  did 
not  develop  thyroiditis,  even  though  the  duration  of  the  study,  4  months, 
greatly  exceeded  the  time  required  for  the  animals  to  develop  the  disease, 
and  even  though  the  dose  of  thyroid  extract  used  was  500  times  that  required 
to  produce  disease.  The  dose  of  BGG  required  to  protect  the  animals  against 
this  dose  of  thyroid  extract  was  4  mg  of  protein  per  ml  of  adjuvant.  This 
dose  of  BGG  appears  to  protect  the  animals  by  pre-empting  the  immune  response, 
for  animals  injected  with  this  dose  of  BGG  and  thyroid  extract  have  detectable 
antibody  and  delayed  sensitivity  directed  only  to  the  bovine  gamma  globulin. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 

The  development  of  methods  to  prevent  autoimmune  disease  may  be  useful 
clinically. 

Proposed  Course  of  the  Project; 

To  determine  whether  the  protecting  antigen  (BGG)  protects  against 
subsequent  injections  of  test  thyroid  antigen  and  adjuvant  and  to  determine 
whether  the  protecting  antigen  need  be  given  in  the  same  emulsion  and  in  the 
same  locus  as  the  thyroid  antigen. 


Project  Subtitle  II:  The  influence  of  vitamin  C  deficiency  upon  the  develop- 
ment of  autoinmune  thyroiditis 

Objectives; 

To  determine  the  influence  of  adequate  and  inadequate  diet  upon  the 
development  of  autoimmune  disease  and  autoallergic  phenomena,  and  to  relate 
these  phenomena  to  the  development  of  disease  in  a  causal  manner. 

Methods  Employed; 

Diets  deficient  in  certain  factors,  particularly  vitamin  C  were  prepared 
and  fed  certain  groups  of  guinea  pigs.  Other  animals  were  fed  the  standard 
complete  diet.  Guinea  pigs  were  immunized  with  varying  concentrations  of 
thyroid  extract  and  complete  Freund's  adjuvant  4  days  after  the  start  of  the 
diet.  The  animals  were  examined  17  days  later  to  determine  their  level  of 
delayed  sensitivity  by  skin  tests;  and,  antibody  titers  were  determined  by 
bentonite  flocculation  tests,  and  the  degree  of  thyroiditis  by  histologic 
means . 
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Treatment  with  Methotrexate,  for  3  weeks,  beginning  3  weeks  after 
immunization  with  thyroid  extract  appeared  to  prevent  the  further  progression 
of  the  disease  that  occurred  in  comparable  groups  not  so  treated,  but  did  not 
cure  the  disease. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

Attempts  to  prevent  the  development  of  autoimmune  disease  by  suppressive 
drug  therapy  may  prove  useful  in  certain  clinical  situations. 

Proposed  Course  of  Project: 

To  determine  whether  treatment  beginning  several  days  after  immunization 
will  still  be  effective  in  preventing  the  development  of  this  disease. 

Honors  and  Awards :   None 

Publications : 

Kyriakos,  M.,  and  McMaster,  P.  R.  B.:   Experimental  thyroiditis;  Transplanta- 
tion studies.   Laboratory  Investigation  17:  489-498,  1968. 

McMaster,  P.  R.  B.,  and  Macri,  F.:   Secondary  aqueous  humor  outflow  pathways 
in  the  rabbit,  cat  and  monkey.   A.  M.  A.  Arch.  Ophth.   97:  297-303,  1968. 
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Serial  No.  NIAID  -  113-B 

1.  Germfree  Animal  Research 

2.  Microbiology  &  Immunology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1967  through  June  30,  1968 

Project  Title:   Production  of  immune  paralysis  in  germfree  animals 

Previous  Serial  Number:   None 

Principal  Investigator:   Philip  R.  B.  McMaster 

Other  Investigators:   None 

Cooperating  Units :  None 

Man  Years : 

NIAID       Other  NIH  Personnel     Guest 
Lab.  Staff    Assigned  to  Project    Workers    TOTAL 

0  0       1-5/12 

0  0        5/12 

0  0       1 

Project  Description: 

Objectives: 

To  determine  whether  immunologic  paralysis  can  be  established  in  germ- 
free animals;  to  compare  the  minimum  dose  which  causes  paralysis  in  germfree 
animals,  with  the  minimum  dose  that  causes  it  in  conventional  animals. 

Methods  Employed: 

Groups  of  mice  were  injected  with  selected  doses  of  pneumococcal  poly- 
saccharides derived  from  Type  III  organisms.  The  animals  were  then  immunized 
with  0.5  gamma  of  that  polysaccharide,  an  optimal  immunizing  dose,  and  then 
10  days  .later  were  challenged  with  virulent  Type  III  pneumococci. 

Major  Findings : 

It  was  demonstrated  that  germfree  mice  could  be  immunologically  paralyzed. 
Those  mice  which  had  been  paralyzed,  failed  to  be  immunized  by  an  immunizing 
dose,  and  consequently,  succumbed  to  challenge  with  live  pneumococci.  The 
dose  of  polysaccharide  required  to  induce  such  paralysis  was  similar  in  the 
germfree  and  the  conventional  animal.  This  indicated  that  the  mechanisms 


19 


Total: 

1-5/12 

Professional: 

5/12 

Other : 

1 

that  regulate  the  induction  of  paralysis  are  intrinsic  properties  of  the 
animal  and  that  those  properties  are  not  altered  either  by  repeated  antigenic 
exposure  or  by  the  elevation  of  the  globulin  levels  that  result  from  such 
exposure. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

A  better  understanding  of  specific  immune  suppression,  of  which  pneumo- 
coccal paralysis  is  the  classical  example,  may  contribute  to  our  ability  to 
regulate  graft  rejection  and  autoimmune  disease. 

Proposed  Course  of  Project; 

The  germfree  animal  will  be  a  useful  tool  in  the  further  study  of  fac- 
tors that  induce  immune  paralysis.   Progress  in  understanding  this  process 
has  been  hampered  by  the  fact  that  endotoxins  are  infectious  and  may  break 
immune  paralysis.   Consequently,  many  experiments  using  drugs  or  procedures 
that  make  animals  excessively  susceptible  to  infection  could  not  be  under- 
taken with  conventional  animals.  Using  the  germfree  animal  for  these  studies, 
we  plan  to  investigate  the  induction  of  immune  paralysis  to  determine  the 
duration  of  the  induction  phase,  the  concentration  of  antigen  and  cells 
required,  and  the  necessary  cellular  metabolic  products. 

Honors  and  Awards :   None 

Publications:   None 
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Serial  No.  NIAID  -  114 

1.  Germfree  Animal  Research 

2.  Microbiology  &  Immunology 

3 .  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 

Project  Title:   Studies  on  antibacterial  antibodies  and  host-bacteria 
relationships  in  the  germfree  animal 

Previous  Serial  Number :   Same 

Principal  Investigator:   Norman  S.  Ikari 

Other  Investigators:   Richard  Asofsky,  and  Philip  W.  Stashak,  Laboratory  of 
Germfree  Animal  Research,  NIAID  (Project  Subtitle  I) 
Viola  M.  Young*  (Project  Subtitle  II) 

Cooperating  Units:   *Microbiology  Service,  Clinical  Pathology  Department,  CC 

Man  Years : 

NIAID       Other  NIH  Personnel     Guest 
Lab.  Staff    Assigned  to  Project    Workers    TOTAL 

Total:  2-6/12  0  0       2-6/12 

Professional:    1  0  0      1 

Other:  1-6/12  0  0      1-6/12 

Project  Description: 

Objectives: 

To  examine  normal,  non- immunized  germfree  guinea  pigs  for  natural 
antibodies  and  to  follow  the  immune  response  of  these  animals  to  challenge 
with  specific  bacteria  or  their  antigenic  components.  To  find  a  more  simple 
and  sensitive  method  for  measuring  IgM  and  IgA  in  the  serum  of  germfree 
guinea  pigs . 

Methods  Employed; 

Natural  antibodies  and  specific  immune  responses  are  detected  and 
measured  by  a  complement-mediated  bactericidal  test.  Additional  characteri- 
zation of  the  serum  is  obtained  by  passive  hemagglutination,  Immunoelectro- 
phoresis and  immunoglobulin  titration. 

Conventional  and  hyperimmune  guinea  pig  sera  have  been  fractionated  by 
salt  precipitation,  DEAE  and  Sephadex  chromatography  and  appropriately 
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absorbed  to  produce  a  purified  IgM  fraction.  This  protein  has  been  used  as 
an  inmunogen  to  produce  specific  antisera  in  rabbits  and  goats  and  as  a 
reference  antigen  in  radial  gel  diffusion. 

Ma  i  or  F  ind  ings : 

There  appear  to  be  significant  differences  in  E.  coli  and  S^.  typhi  anti- 
body between  conventional  Hartley  and  Strain  13  inbred  guinea  pigs. 

Comparative  levels  between  germfree  and  conventional  animals  are  in  the 
fnrocess  of  being  obtained. 

IgM  levels  in  germfree  guinea  pigs  are  approximately  2.96  mg/ml;  in 
conventional  pigs,  2.87  -  4.8  mg/ml;  and  range  from  4.5  -  9.67  mg/ml  in 
hyperimmune  animals.   Newborn  conventional  guinea  pig  IgM  levels  measure 
0.44  mg/ml  rising  to  levels  of  2.28  mg/ml  just  after  weaning.   The  increment 
of  difference  between  conventional  and  germfree  guinea  pigs  (2.96  vs.  3.66 
mg/ral)  is  not  as  pronounced  as  found  between  germfree  and  conventional  mice 
of  identical  strain  and  comparable  age. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

The  extent  and  antibacterial  range  of  antibody  specificities  in  serum 
from  germfree  species  require  further  clarification.   Efforts  in  this  direc- 
tion may  lead  to  the  more  basic  question  of  the  origin  of  these  antibodies  in 
germfree  animals . 

The  ability  to  measure  additional  classes  of  guinea  pig  immunoglobulins 
provides  details  relative  to  the  kinetics  of  the  antibody  response  not  here- 
tofore obtainable.   When  applied  to  germfree  guinea  pigs  with  their  low  levels 
of  gamma  globulin,  information  may  be  obtained  as  to  the  responsible  cell  lines 
and  sites  of  the  initiation  of  the  immune  response. 

Proposed  Course  of  Project: 

Serum  from  germfree  animals  continues  to  be  studied  for  other  natural 
antibodies  including  those  activities  against  some  gram-positive  bacteria. 
The  details  of  the  germfree  guinea  pig  response  to  chemically  characterized 
bacterial  endotoxins  will  be  continued  by  Philip  W.  Stashak. 

Work  will  continue  on  similar  methodology  for  guinea  pig  IgA  and  for 
7S7-|^  and  y^.      This  capability  then  lends  itself  to  quantitative  studies  con- 
cerned with  the  antibody  response.   Dr.  Richard  Asofsky's  laboratory  will 
continue  these  studies. 


Project  Subtitle  II:   Enterobacterial  interaction  in  the  germfree  mouse 
intestine 

Objectives : 

To  follow  the  course  of  various  bacterial  interactions  in  controlled 
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gastrointestinal  colonization  studies  in  germfree  mice. 

Methods  Employed: 

Germfree  mice  are  mono-  and  dually  infected  per  os  with  genetically 
interacting  bacteria  reciprocally  marked  for  antibiotic  production  and 
susceptibility  to  that  antibiotic.   Standard  bacteriological  techniques 
of  fecal  dilutions  and  platings  are  performed  on  routine  and  antibiotic- 
supplemented  media. 

Major  Findings; 

In  contrast  to  conventional  mice  which  resist  establishment  of  "invader" 
enteric  bacteria  onto  "resident"  flora,  germfree  mice  become  monocontaminated 
readily  and  maintain  high  levels  of  organisms  in  the  intestinal  tract.   Coli- 
cine,  an  antibiotic  protein  synthesized  by  colicinogenic  bacteria,  does  not 
suppress  a  colicine-sensitive  strain  superimposed  into  the  gastrointestinal 
tract  of  germfree  mice.   Genetic  exchange  has  been  found  to  take  place 
between  these  bacteria  in  vivo  as  evidenced  by  the  acquisition  of  the  coli- 
cinogenic property  by  some  colicine-sensitive  organisms. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

Ecological  problems  involving  competitive  exclusion  and  selective 
advantage  between  closely  related  bacteria  can  be  explored  in  the  germfree 
animal  intestine.  A  better  understanding  of  the  microbial  interplay  in  the 
normal  intestinal  flora  may  result  from  such  studies. 

Proposed  Course  of  Project: 

This  work  will  be  terminated  since  the  principal  investigator  is 
leaving  NIH. 

Honors  and  Awards :   None 

Publications:  None 
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Serial  No.  NIAID  -  116 

1.  Germfree  Animal  Research 

2.  Experimental  Pathology 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  I,    1967  through  June  30,  1968 


Project  Title:   Immunoglobulin  formation  in  germfree  mice 

Previous  Serial  Number:   Same 

Principal  Investigator:   Richard  Asofsky 

Other  Investigators:   Mark  A.  Mandel,  Norman  S.  Ikari,  Martha  B.  Hylton, 
Laboratory  of  Germfree  Animal  Research 
Robert  C.  Y.  Ting* 
J.  A.  Rudbach** 

Cooperating  Units:   --Laboratory  of  Biology,  NCI 

**Rocky  Mountain  Laboratory,  NIAID 


Man  Years ; 


Total: 

1-4/12 

Professional: 

4/12 

Other: 

1 

NIAID       Other  NIH  Personnel 
Lab.  Staff    Assigned  to  Project 


Guest 
Workers 

0 
0 
0 


TOTAL 

1-4/12 
4/12 
1 


Project  Description: 

Objectives ; 

These  studies  are  designed  to  investigate  the  hypogammaglobulinemia  of 

germfree  mice,  and  the  response  of  these  animals  to  antigenic  stimuli  with 

respect  to  the  levels  in  serum  and  relative  rates  of  synthesis  of  different 
immunoglobulin  classes. 

Methods  Employed: 

Immunoglobulin  levels  are  measured  by  radial  immunodiffusion,  using 
plates  containing  monospecific  antisera  in  agarose.   Biosynthesis  is  studied 
by  incubating  tissues  in  vitro  in  a  medium  containing  C-14  labeled  amino 
acids.   Media  are  then  tested  by  means  of  radioimmunoelectrophoresis  to 
identify  newly  formed  proteins.   Antibody  levels  are  measured  by  passive 
hemagglutination,  by  use  of  specific  immunoadsorbents,  and  by  a  complement- 
dependent  bactericidal  assay. 
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Major  Findings; 

Sera  from  unimmunized  germfree  mice  usually  contain  only  7S71  and  IgM. 
Immunization  with  ferritin  or  other  proteins  (ovalbumin,  bovine  7-globulin) 
results  in  a  transient  increase  in  IgM  and  a  sustained  increase  in  7Sy\.  A 
second  injection  of  the  same  antigen  as  early  as  2  weeks  after  the  first 
results  in  a  further  increase  in  7Sj-^^  a  prolonged  increase  in  IgM,  and  the 
first  appearance  of  7S72*  Specific  antibody  accounts  for  only  a  small  fraction 
of  the  immunoglobulin  increase. 

Intraperitoneal  inoculation  of  endotoxin  results  in  a  sustained  increase 
in  IgM  over  a  wide  dose  range  (0.0005  -  50.0  ng) ;  changes  in  levels  of  other 
immunoglobulins  are  observed  only  with  the  highest  dose.   IgM  and  bactericidal 
levels  are  well  correlated,  despite  the  fact  that  little  of  the  IgM  can  be 
shown  to  be  specific  antibody. 

Inoculation  of  a  "native  protoplasmic  polysaccharide"  obtained  from  E. 
coli.  a  material  of  molecular  weight  about  110,000,  results  in  IgM  increases 
comparable  to  those  observed  with  endotoxins,  over  a  range  of  dose  of  0.0005  - 

10  ng. 

Inbred  germfree  mice  transplanted  with  either  syngeneic  or  allogeneic 
neoplams  of  polyoma  origin  show  increases  in  levels  of  7Sy-^^   concurrent  with 
growth  of  the  tumors.  Other  immunoglobulins  are  unchanged. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 

Since  most  immunoglobulin  synthesis  in  immunized  germfree  mice  is  the 
result  of  experimental  manipulation,  a  quantitative  assessment  of  changes  in 
immunoglobulin  levels  following  immunization  is  facilitated.  Further,  since 
initial  levels  are  low  or  undetectable,  and  since  rates  of  catabolism  of  7S7-|, 
and  7S72  are  low  in  germfree  mice,  small  increases  in  rates  of  synthesis  are 
more  readily  reflected  in  the  serum  levels.  Different  immunoglobulins  have 
distinct  properties;  for  example  ISy-^   does  not  fix  complement  or  mediate  lytic 
reactions.  The  increases  in  7875^  following  tumor  implantation  would  be  missed 
if  only  complement-dependant  assays  were  employed.  The  data  suggest  that  a 
non-antibody  component  is  an  important  component  of  many  immune  responses . 

Proposed  Course  of  Project; 

An  adaptive  transfer  technique  for  the  study  of  immunoglobulin  formation 
by  "primed"  cells  from  mice  will  be  applied  to  the  investigation  of  the  origin 
and  fate  of  cells  from  inoculated  germfree  mice  responding  to  a  second  contact 
with  antigen.  The  studies  with  the  native  protoplasmic  polysaccharide  will  be 
extended  to  include  duration  and  kinetics  of  increased  IgM  synthesis.  The 
antibody  content  and  biologic  activity  of  the  7S7,  formed  during  tumor  growth 
will  be  investigated. 

Honors  and  Awards;   None 

Publications:   None 
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Serial  No.  NIAID  -  116-B 

1.  Germfree  Animal  Research 

2.  Experimental  Pathology 

3.  Bethesda,  Maryland 


Total: 

5/12 

Professional: 

1/12 

Other: 

4/12 

PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 

Project  Title:   "70"  immunoglobulin  of  mice 

Previous  Serial  Number:   Same 

Principal  Investigator:   Richard  Asofsky 

Other  Investigators:   J.  L.  Fahey 

Cooperating  Units:   Immunology  Branch,  NCI 

Man  Years : 

NIAID       Other  NIH  Personnel     Guest 
Lab.  Staff    Assigned  to  Project    Workers    TOTAL 

0  0        5/12 

0  0        1/12 

0  0       4/12 

Project  Description: 

Objectives : 

A  previously  unidentified  immunoglobulin  in  mice  has  been  found.   This 
work  is  designed  to  study  its  properties  and  synthesis,  and  to  devise  a  means 
for  isolating  it  from  serum. 

Methods  Employed: 

Antiserum  specific  for  "73"  is  prepared  by  absorption  of  poljrvalent 
antisera.   Synthesis  is  studied  by  incubating  tissues  in  vitro  with  a  medium 
containing  C-14  labeled  amino  acids,  then  testing  the  culture  fluids  for 
labeled  protein  by  radioimmunoelectrophoresis .   Antibody  activity  is  demon- 
strated by  the  capacity  of  "73"  iri  immune  sera  to  bind  1^25  labeled  antigen. 
Sera  are  fractionated  by  salt  precipitation,  zone  electrophoresis,  ultra- 
centrifugation,  gel  filtration  and  ion-exchange  chromatography.   Partly  puri- 
fied protein  is  digested  with  papain  or  pepsin.   Fractions  and  digests  are 
examined  by  Immunoelectrophoresis  and  double  diffusion  in  agar.   Immunoadsor- 
bents  are  prepared  by  insolubilizing  whole  antiserum  with  ethyl  chloroformate. 
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Major  Findings; 

"73"  is  synthesized  by  spleen  and  lymph  nodes  from  all  hyperimmune, 
occasional  conventional,  and  no  germfree  animals.   It  behaves  as  a  7S  immuno- 
globulin on  gel  filtration  and  in  the  ultracentrifuge.   Antiserum  specific 
for  "73"  fails  to  react  with  all  ISj-^^,    I^Jla.)    '^^72h>    ^§^^  ^'^^  '^^^   myeloma 
proteins  tested.   It  does  not  react  with  Bence  Jones  proteins  of  K,  L,  or  a. 
type.   Further,  antisera  specific  for  the  above  mentioned  immunoglobulins 
give  reactions  of  nonidentity  with  anti"73".   Specific  binding  of  ferritin  and 
DNP  albumin  is  seen  in  appropriate  immune  sera. 

Studies  with  papain  reveal  that  the  "73"  determinants  are  contained  on 
an  Fc-like  fragment,  and  therefore  on  heavy  chains.   Immunoadsorbents  have 
been  prepared  which  efficiently  remove  7S7-1,  7Sy2j   ^'^d  IgA  from  globulin 
preparations. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 

"7o"  is  a  subclass  of  the  mouse  immunoglobulin  system  distinct  from 
those  previously  defined.   Hyperimmunization  is  apparently  required  for  its 
synthesis. 

Proposed  Course  of  Project; 

Further  work  on  the  immunoadsorbents  is  projected.  An  adsorbent  for 
IgM  and  several  a -globulins  is  needed  to  obtain  pure  "73". 

Honors  and  Awards ;   None 

Publications :  None 
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Serial  No.  NIAID  -  116-D 

1.  Germfree  Animal  Research 

2.  Experimental  Pathology 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  I,    1967  through  June  30,  1968 


Project  Title:   Secretory  Immunoglobulin  A 

Previous  Serial  Number:   Same 

Principal  Investigator:   Richard  Asofsky 

Other  Investigators:   Martha  B.  Hylton,  Philip  R.  B.  McMaster, 
Laboratory  of  Germfree  Animal  Research 
Parker  A.  Small,  Jr.* 
Elizabeth  Terry** 
Ralph  Reisfeld** 

Cooperating  Units:  *University  of  Florida,  Gainesville,  Florida 
**Laboratory  of  Immunology,  NIAID 


Man  Years ; 


Total: 

Professional: 

Other: 


NIAID  Other  NIH  Personnel  Guest 

Lab.  Staff  Assigned  to  Project  Workers  TOTAL 

10/12              0  0  10/12 

2/12              0  0  2/12 

8/12              0  0  8/12 


Project  Description: 

Objectives : 

The  principal  immunoglobulin  in  colostrum,  saliva,  and  other  external 
secretions  of  many  mammals  is  IgA.   Secretory  IgA  contains  a  polypeptide 
(T-chain)  not  found  in  serum  IgA  or  in  other  immunoglobulins.   This  study  is 
designed  to  investigate  the  sites  of  synthesis  and  assembly,  and  the  biologic 
activity  of  secretory  IgA  in  mice,  guinea  pigs,  rats,  and  rabbits. 

Methods  Employed: 

Synthesis  is  studied  by  incubating  tissues  in  a  medium  containing  C-14 
labeled  amino  acids.   Media  are  analyzed  for  labeled  proteins  by  radioimmuno- 
electrophoresis .   Both  labeled  proteins,  and  unlabeled  proteins  from  colostrum 
are  isolated  and  characterized  by  ion  exchange  chromatography,  gel-filtration, 
zone  electrophoresis,  salt  fractionation,  and  polyacrylamide  electrophoresis. 
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Immunochemical  analyses  using  double  diffusion  and  Immunoelectrophoresis  are 
performed. 

Major  Findings: 

(1)  In  mice:   Lactating  mammary  gland  from  conventional  mice  secretes 
large  amounts  of  IgA,  and  produces  a  labeled  IgA  molecule  which  sediments  in 
the  ultracentrifuge  with  an  IIS  marker.   Lactating  mammary  gland  from  germfree 
mice  secretes  no  detectable  IgA.   However  it  synthesizes  a  low  molecular 
weight  protein  (about  4S)  which  coprecipitates  with  IgA  in  radioimmunoelectro- 
phoresis.   Incubation  of  the  gland  with  "cold"  IgA  in  the  form  of  a  7S  myeloma 
protein  results  in  the  formation  of  labeled  IIS  IgA  molecules,  without  copre- 
cipitating  radioactivity  in  the  4S  region. 

(2)  In  guinea  pigs:  An  immunoglobulin  has  been  isolated  from  guinea 
pig  colostrum.   It  is  immunochemical ly  distinct  from  7Sy^^    7S72  and  IgM.   This 
colostral  protein  has  2  major  components,  with  sedimentation  coefficients  of 
11  and  14,  in  the  ultracentrifuge.   Combined  polyacrylamide  and  immunologic 
analysis  shows  that  both  components  are  immunochemically  identical.   A  corres- 
ponding protein  has  been  identified  in  serum.  The  serum  protein  has  a  broad 
range  of  molecular  size  as  judged  by  gel  filtration.   It  is  concluded  that 
this  protein  is  a  homologue  of  human  and  mouse  IgA. 

(3)  In  rats;  An  immunoglobulin  has  been  isolated  from  rat  colostrum. 
It  is  immunochemically  distinct  from  7372^  and  IgM.  An  antiserum  specific  for 
it  has  been  prepared.  This  immunoglobulin  is  synthesized  by  ileum,  mesenteric 
lymph  node,  and  thoracic  duct  cells  from  conventional  rats,  but  not  by  any 
tissue  from  germfree  rats. 

(4)  In  rabbits :  Lactating  mammary  tissue  from  rabbits  synthesizes 
labeled  IgA  when  incubated  with  C-14  labeled  amino  acids.  When  this  protein 
is  isolated,  reduced  and  alkylated,  and  separated  into  its  polypeptide  con- 
stituents, only  T  chain  is  found  to  contain  label. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

(1)  In  mice:   The  protein  synthesized  by  germfree  mouse  tissue  is 
probably  T  chain.  The  studies  with  IgA  myeloma  protein  indicate  that  7S  IgA 
is  polymerized  and  combined  with  T  chain  ^^  vitro  providing  an  excellent 
system  for  the  study  of  secretory  IgA  assembly. 

(2)  In  guinea  pigs  and  rats:  The  colostral  immunoglobulins  in  these 
species  are  almost  certainly  homologues  of  IgA.   Specific  antisera  permit 
quantitation  of  serum  levels  and  detection  of  newly  formed  proteins  following 
immunization. 

(3)  In  rabbits;  The  study  shows  that  only  the  unique  (T-chain)  component 
of  colostral  IgA  is  synthesized  locally.   It  follows  that  the  remainder  of  the 
molecule  is  derived  from  an  exogenous  source,  probably  serum. 
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Proposed  Course  of  Project; 

(1)  In  mice:   Attempts  will  be  made  to  isolate  T  chain  from  secretory 
IgA  or  extracts  of  lactating  mammary  tissue.   The  linkage  of  T  chains  to  IgA 
in  vitro  will  be  examined  using  (a)  proteolytic  fragments  of  IgA  myeloma  pro- 
teins (b)  isolated  light  and  heavy  chains  from  IgA  myeloma  proteins . 

(2)  In  guinea  pigs :   Carbohydrate  analysis  of  IgA  will  be  done.   The 
heavy  chains  will  be  compared  to  those  of  other  immunoglobulins  by  peptide 
mapping.   Light  chain  fractions  will  be  examined  for  the  presence  of  T  chains. 

(3)  In  rats;   If  enough  protein  can  be  purified,  this  study  will  follow 
the  course  outlined  for  guinea  pig  IgA.   A  quantitative  comparison  of  IgA 
levels  in  serum  and  colostrum  of  germfree  and  conventionally  reared  rats  will 
be  performed. 

(4)  In  rabbits:   Study  is  complete. 
Honors  and  Awards :   None 

Publications : 

Asofsky,  R.,  and  Small,  Parker  A.,  Jr.:   Colostral  imraunoglobulin-A:   Synthesis 
in  vitro  of  T-chain  by  rabbit  mammary  gland.   Science  158;  932-933,  November 
17,  1967. 
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Serial  No.  NIAID  -  116-G 

1.  Germfree  Animal  Research 

2.  Experimental  Pathology 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  I,    1967  through  June  30,  1968 

Project  Title:   Fractionation  of  lymphoid  cells 

Previous  Serial  Number:   None 

Principal  Investigator:   Richard  Asofsky 

Other  Investigators:  Phillip  J.  Baker,  John  F.  Finerty,  Philip  R.  B. 
McMaster,  Mark  A.  Mandel,  and  Martha  B.  Hylton, 
Laboratory  of  Germfree  Animal  Research,  NIAID 

Cooperating  Units :   None 

Man  Years : 

NIAID       Other  NIH  Personnel     Guest 
Lab.  Staff    Assigned  to  Project    Workers    TOTAL 

Total:  7/12  0  0       7/12 

Professional:     3/12  0  0       3/12 

Other:  4/12  0  0       4/12 

Project  Description: 

Objectives : 

These  experiments  are  designed  to  explore  methods  of  fractionating 
Ijraiphoid  cells,  so  that  cells  mediating  various  immunologic  reactions  can 
be  concentrated,  and  possibly  completely  purified. 

Methods  Employed: 

Cells  from  solid  lymphoid  tissues  in  the  form  of  suspensions,  from  blood 
or  thoracic  duct  lymph,  and  from  peritoneal  exudates  are  centrifuged  in  grad- 
ients (157o  -  357o  w/v)  of  bovine  serum  albumin.  Fractions  are  collected  with  a 
pump  fractionator .   Immunoglobulin  synthesis  is  studied  by  incubating  aliquots 
from  each  fraction  in  a  medium  containing  C-14  labeled  amino  acids.   Proteins 
are  identified  by  radioimmunoelectrophoresis .  Antibody  synthesis  is  studied  by 
examining  fractions  from  spleens  of  mice  immunized  with  sheep  erythrocytes  for 
numbers  of  cells  producing  localized  erythrocyte  hemolysis  in  gel.   Graft  versus 
host  reactions  are  examined  by  inoculating  cell  fractions  into  allogeneic  new- 
born animals,  and  determining  the  degree  of  splenomegaly  in  recipients  nine  days 
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later.  Macrophage  activity  is  assessed  by  the  capacity  of  cells  to  migrate 
in  vitro  from  capillary  tubes.   Fractions  containing  cells  mediating  delayed 
hypersensitivity  reactions  are  identified  by  their  capacity,  when  exposed  to 
antigen,  to  inhibit  such  migration  of  macrophages. 

Major  Findings: 

Cells  distribute  in  the  gradient  according  to  their  buoyant  density. 
Equilibrium  is  achieved  in  about  30  minutes.   Antibody  and  immunoglobulin 
forming  cells  are  contained  in  fractions  of  intermediate  density.   A  5  to  20 
fold  concentration  of  such  cells  has  been  obtained.   The  position  of  cells 
forming  antierythrocyte  antibody  can  be  shifted  by  prior  incubation  of  the 
cells  with  erythrocytes,  which  have  a  high  density,  or,  in  the  opposite  direc- 
tion, by  incubation  with  erythrocyte  stromata,  which  have  very  low  density. 
Cells  mediating  graft  versus  host  reactions  are  in  the  most  dense  fractions. 
A  5  to  8  fold  concentration  of  these  cells  has  been  achieved.  Macrophages 
are  among  the  least  dense  cells.   Treatment  of  these  fractions  with  antigen 
does  not  result  in  inhibition  of  migration.   Cells  producing  such  inhibition 
are  found  in  the  most  dense  fractions. 

Total  cell  recovery  in  these  experiments  is  between  60  and  807o.   Recovery 
of  activity  usually  exceeds  lb%. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 

Buoyant  density  is  a  physical  property  of  cells,  subject  only  to  the 
ionic  strength  and  pH  of  the  suspending  medium.  This  procedure  allows  precise 
and  reproducible  fractionation  of  cells.   The  separation  of  activities  provides 
direct  proof  that  different  cells  mediate  different  reactions.   The  shifts  in 
position  of  antibody- forming  cells  following  incubation  with  antigen  of  dif- 
ferent density  can  probably  be  employed  to  highly  purify  these  cells  in  a  two 
step  procedure. 

Proposed  Course  of  Project: 

Fractionation  of  cells  mediating  secondary  responses  will  be  studied. 
Cells  from  different  sources,  such  as  thoracic  duct  and  spleen,  will  be  com- 
pared with  respect  to  the  same  function.   Sequential  changes  in  density  of 
immunoglobulin  and  antibody  forming  cells  following  immunization  will  be 
examined. 

Honors  and  Awards :   None 

Publications:   None 
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Serial  No.  NIAID  -  116-H 

1.  Germfree  Animal  Research 

2.  Experimental  Pathology 
3o  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 


Project  Title:   Studies  on  immunologic  unresponsiveness  produced  by  soluble 
transplantation  antigens 

Previous  Serial  Nvuaber:   None 

Principal  Investigator:   Richard  Asofsky 

Other  Investigators:   Timothy  Canty*,  John  L.  Fahey*,  Dean  Mann*, 
G.  Nicholas  Rogentine*,  Stanley  Nathenson**, 
and  Mark  A.  Mandel,  Laboratory  of  Germfree 
Animal  Research,  NIAID 

Cooperating  Units:   *Immunology  Branch,  NCI 

**Albert  Einstein  School  of  Medicine,  New  York 


Other  NIH  Personnel  Guest 

Assigned  to  Project  Workers  TOTAL 

0  0  10/12 

0  0  2/12 

0  0  8/12 


The  experiments  are  designed  to  investigate  the  biological  activity  of 
soluble  transplantation  antigens  from  inbred  mice,  especially  with  respect  to 
their  capacity  to  induce  immunologically  specific  hyporesponsiveness  or  unres- 
ponsiveness . 

Methods  Employed: 

Antigens  are  prepared  by  treatment  of  microsomes  from  mouse  spleens  with 
papain,  then  fractionation  of  the  soluble  products  by  ion  exchange  chroma- 
tography and  gel  filtration.   Content  of  H-2  antigen  is  assayed  by  the  capacity 
of  the  soluble  products  to  inhibit  the  cytotoxic  action  of  anti-H2  antisera 
on  target  cells  of  appropriate  H-2  type.  At  various  intervals  following 
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Man  Years: 

NIAID 
Lab.  Staff 

Total: 

10/12 

Professional: 

2/12 

Other : 

8/12 

Project  Descri 

-ption: 

Obiectives: 

intravenous  injection  into  adult  animals,  the  capacity  of  spleen  cells  from 
these  animals  to  produce  graft  versus  host  reactions  in  newborn  allogeneic 
recipients  is  tested. 

Major  Findings: 

Inhibition  of  graft  versus  host  reactions  is  produced  by  inoculation  of 
10"2  or  10"-^  (ig  of  partly  purified  antigen  from  C57BL/6  mice  into  Balb/c 
mice.   This  test  system  involved  inoculation  of  cells  from  Balb/c  animals  into 
C57B1  newborns.   Doses  of  lO"-*-,  lO"*^,  and  10"^  |j.g  were  ineffective.   A  greater 
degree  of  hyporesponsiveness  was  produced  by  10"2  ug  antigen  than  by  10"-^  ^g. 
The  effect  of  10"^  |ig  also  lasted  longer,  with  suppression  of  some  degree  in 
effect  from  1-2  weeks.   The  lower  dose  produced  detectable  suppression  for 
only  two  days . 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

The  most  promising  methods  for  the  prevention  of  homograft  rejection 
involve  the  induction  of  unresponsiveness  specific  for  the  transplanted 
tissue,  i.e.  without  parallel  reduction  in  all  immune  reactions.   The  phenom- 
enon observed  in  the  present  experiments  appears  to  be  analogous  to  "low  dose 
tolerance"  observed  with  certain  protein  antigens. 

Proposed  Course  of  Project: 

Plans  include  the  following  specific  group  of  experiments:   (1)  Test  of 
new  lots  of  antigen,  (2)  test  of  antigen  preparations  in  which  different  H-2 
specificities  have  been  separated,  (3)  test  of  the  result  of  administration  of 
repeated  low  doses  of  antigen,  to  determine  if  spleen  cell  reactivity  can  be 
lowered  still  further,  (4)  test  of  antigen  in  combination  with  such  other  sup- 
pressive agents  as  antilymphoid  serum,  to  determine  if  a  synergistic  effect 
can  be  obtained,  (5)  test  of  antigen  in  germfree  mice,  in  view  of  the  enhanced 
effect  of  antilymphoid  serum  in  these  animals. 

Honors  and  Awards :   None 

Publications:   None 
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Serial  No.  NIAID  -  117 

1.  Germfree  Animal  Research 

2.  Microbiology  &  Immunology 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  I,    1967  through  June  30,  1968 


Project  Title:   The  immunologic  response  of  conventional  and  germfree  mice 
to  blood-induced  infections  of  Plasmodium  berghei 

Previous  Serial  Number:   Same 

Principal  Investigator:   John  F.  Finerty 

Other  Investigators:   John  E.  Tobie,  and  Charles  B.  Evans 

Laboratory  of  Germfree  Animal  Research,  NIAID 

Cooperating  Units:   None 

Man  Years : 

NIAID       Other  NIH  Personnel     Guest 
Lab.  Staff    Assigned  to  Project    Workers    TOTAL 

Total:  1-6/12  0  0       1-6/12 

Professional:      8/12  0  0        8/12 

Other:  10/12  0  O'       10/12 


Project  Description: 
Project  Subtitle  I: 


Objectives ; 


Serum  protein  alterations  and  tissue  changes  occurring 
in  germfree  mice  infected  with  both  Plasmodium  berghei 
and  Eperythrozoon  coccoides 


To  determine  the  various  classes  of  immunoglobulins  produced  in  germfree 
mice  after  infection  with  malaria  parasites.   To  investigate  the  course  of 
antibody  production  in  Plasmodium  berghei  infections .   To  precisely  determine 
the  tissue  and  cellular  changes  that  occur  in  rodent  hosts  in  response  to 
antigenic  stimulation  provided  by  malarial  organisms.   To  compare  the  immune 
responses  in  outbred  and  inbred  strains  of  mice  infected  with  P^.  berghei. 

Methods  Employed: 

During  the  course  of  the  malaria  infections,  sera  were  collected  from 
mice  concomitantly  infected  with  P.  berghei  and  Eperythrozoon  coccoides. 
The  sera  were  analyzed  by  immunoelectrophoresis  and  the  Ouchterlony  method. 
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Specific  and  polyvalent  antisera  to  mouse  immunoglobulins  have  been  prepared 
in  rabbits  and  goats.   The  Indirect  fluorescent  antibody  technique  was  used 
to  detect  malarial  antibody  in  serum  and  to  study  the  course  of  antibody 
production. 

Major  Findings: 

(1)  NIH-v/hite  mice;   Germfree  (GF)  and  conventional  (CV)  mice  with 
mixed  infections  of  P.  berghei  and  E.  coccoides  demonstrated  a  unique  immune 
response  to  these  parasites.   The  ySj-^   levels  in  both  groups  of  mice  showed 
an  initial  decrease  followed  by  an  increase  beginning  on  day  7.   The  final 
levels  reached  were  10  and  100  percent  higher  than  the  controls  for  CV  and 
GF  mice  respectively,   7S72b  levels  in  CV  mice  did  not  increase  until  day  8 
while  a  steady  increase  began  on  day  4  in  GF  mice. 

CV  mice  revealed  higher  IgA  levels  initially  than  GF  mice,  and  varied 
only  slightly  throughout  the  infection.   GF  mice,  however,  with  no  detectable 
level  of  IgA,  initially,  demonstrated  a  60-fold  increase  in  IgA  during  the 
infection. 

IgM  levels  increased  more  rapidly  in  GF  mice.   However,  the  levels  were 
approximately  the  same  in  GF  and  CV  mice  at  the  end  of  the  study. 

A  unique  finding  was  that  related  to  the  7S72a  levels  in  GF  and  CV  mice. 
Approximately  one-half  of  both  groups  revealed  an  increase  in  7372^  levels  in 
response  to  the  P.  berghei  infection.   The  other  half  of  the  mice  demonstrated 
either  very  low  or  undetectable  levels  of  7372^'   Subsequent  studies  indicate 
that  mice  in  this  latter  group  differ  genetically  from  the  other  mice  and  may 
possess  allotypes  of  7372^  hitherto  unreported. 

Malarial  antibody  was  detectable  24  hours  earlier  (beginning  on  day  5) 
in  GF  than  in  CV  mice.   Furthermore,  the  antibody  titers  were  consistently 
higher  in  the  GF  animals.   The  CV  mice  revealed  a  drastic  reduction  in  titer, 
on  day  9,  to  almost  zero,  followed  by  a  rise  on  day  10  to  an  average  of  1:50. 
The  exact  reason  for  this  fluctuation  is  not  readily  apparent. 

(2)  BALB/cAnN:   CV  and  GF  mice  infected  with  P.  berghei  demonstrated  a 
two-fold  increase  in  IgM  with  the  peak  level  occurring  on  day  9.   Although  the 
ISyi   levels  showed  an  initial  decrease  up  to  day  7  they  finally  increased  to 
approximately  5  and  40-fold  in  CV  and  GF  mice  respectively.   IgA  revealed  only 
minor  fluctuations  in  levels  throughout  the  course  of  infection.   A  steadj,  rise 
in  7S7   levels  was  noted  in  CV  and  GF  mice  beginning  on  day  7.   Maximum  7S7^ 
levels  were  reached  on  days  11  and  12  for  CV  and  GF  mice  respectively. 

The  fluorescent  antibody  titers  were  essentially  the  same  for  both  CV 
and  GF  mice  with  the  exception  that  titers  were  detectable  a  day  earlier  (day 
4)  in  CV  mice. 

(3)  C57BL/6JN:   Only  CV  mice  were  utilized  as  this  strain  of  mouse  is 
not  available  in  the  germfree  state.   Mice  were  divided  into  two  groups: 

one  group  was  infected  with  P.  berghei  and  E.  coccoides .  the  other  with  P. 
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berghei  only.   All  of  the  7S-iiimunoglobulins  were  essentially  unchanged  with 
the  exception  of  7S72a'   This  immunoglobulin  was  found  to  be  very  low  or 
undetectable,  and  thus  could  not  be  accurately  measured.   The  IgM  levels  in 
the  mice  infected  with  P.  berghei  only  attained  higher  levels  than  those  in- 
fected with  P.  berghei  and  E.  coccoides.   Malarial  antibody  was  detected  on 
Jay  4  (post-inoculation)  in  mice  infected  with  £,  berghei  and  E.    coccoides . 
Mice  with  P.  berghei  only  did  not  show  detectable  antibody  until  day  6. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 

These  studies  will  provide  needed  data  regarding  the  effects  of  one 
blood  parasite  upon  another,  as  well  as  the  type  of  immune  response  by  the 
host  to  single  and  double  parasite  infections.   Further,  the  use  of  a  random- 
bred  mouse  (NIH-white),  and  two  inbred  strains  of  mice  (BALB/cAnN  and  C57BL/6JN) 
will  provide  three  different  models  for  the  study  of  the  immune  response  to 
blood  parasites.  The  use  of  Plasmodium  species  in  studies  of  the  kinetics  of 
the  immune  response  is  advantageous.  Not  only  does  the  parasite  replicate  in 
vivo,  but  changes  in  morphology  and  the  numbers  of  parasites  can  be  made  daily. 

Proposed  Course  of  Project; 

Inocula  containing  P.  berghei  and/or  E.  coccoides  will  be  injected  into 
NIH-white,  BALB/cAnN  and  C57BL/6JN  in  order  to  determine  the  role  of  the 
immune  response  in  resistance  to  malaria  infections. 

Project  Subtitle  II:   Pure  P.  berghei  infection  in  mice  attained  by  chemo- 
therapeutic  elimination  of  a  concomitant  E.  coccoides 
infection 

Objectives; 

To  obtain  pure  P.  berghei  infections  which  will  permit  the  study  of  the 
immune  response  to  this  parasite  in  mice. 

Methods  Employed: 

Mice  were  given  Mapharsen  (oxophenarsine  hydrochloride)  intraperitoneally 
at  a  dosage  of  5  mg/kg  of  body  weight  24  hours  prior  to  inoculation  with  a 
strain  of  P.  berghei  contaminated  with  E.  coccoides .  The  dosage  was  repeated 
on  the  day  of  parasite  inoculation,  as  well  as  1  and  2  days  after  parasite 
inoculation.  This  regimen  was  repeated  through  2  succeeding  parasite  inocu- 
lations. 

Major  Findings: 

Untreated  mice  were  splenectomized  in  order  to  determine  if  E.  coccoides 
was  present  as  a  "natural"  parasite  in  mice  from  our  mouse  colony.  These 
mice  did  not  reveal  the  presence  of  E.  coccoides  being  harbored  by  these 

animals . 
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E.  coccoides  has  not  been  found  in  the  strain  of  P^.  berghei  taken  from 
mice  treated  with  Mapharsen.   This  strain  of  P.  berghei  has  undergone  87 
serial  passages  through  untreated  mice  without  becoming  mixed  with  E.  coccoides . 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

Pure  infections  of  P.  berghei  are  mandatory  in  order  to  correctly  eval- 
uate data  concerning  host  reaction  to  malaria  parasites  as  well  as  the  effect 
of  one  blood  parasite  upon  another. 

Proposed  Course  of  Project; 

Mice  will  be  infected  with  P.  berghei  and  in  combination  with  E.  coccoides , 
Tissue  and  blood  samples  will  be  obtained  in  order  to  compare  the  immune  res- 
ponses to  P.  berghei  alone  and  to  malaria  infections  mixed  with  E.  coccoides . 

Honors  and  Awards :   None 

Publications:   None 
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Serial  No.  NIAID  -  117 -A 

1.  Germfree  Animal  Research 

2.  Microbiology  &  Immunology 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,    1967  through  June  30,  1968 


Project  Title:   The  effect  of  pokeweed  mitogen  on  Plasmodium  berghei 
infections  in  mice 

Previous  Serial  Number:   Same 

Principal  Investigator:   John  F.  Finerty 

Other  Investigators:   Richard  Asofsky,  Laboratory  of  Germfree  Animal 
Research,  NIAID 
Lawrence  N.  Chessin* 

Cooperating  Units:   *Laboratory  of  Immunology,  NIAID 

Man  Years : 

Other  NIH  Personnel     Guest 

Assigned  to  Project    Workers    TOTAL 

0  0       3/12 

0  0        1/12 

0  0        2/12 


To  determine  the  possible  effect  of  pokeweed  mitogen  on  the  immuno- 
globulin response  and  parasite  morphology  of  Plasmodium  berghei  in  mice. 

Methods  Employed: 

C5.7BL/6JN  and  BALB/cAnN  mice  were  inoculated  intraperitoneally  with 
trichloracetic  acid  extracts  of  pokeweed  mitogen  (JPWM) .   Similar  groups  of 
mice  were  inoculated  with  PWM  mixed  with  P.  berghei  and  P.  berghei  only. 
Blood  smears  were  made  daily,  stained  with  Giemsa  and  examined  for  the 
presence  of  transformed  cells. 

Major  Findings: 

Initial  dosages  of  PWM  used  were  quite  lethal  to  BALB/cAnN  and 
C57BL/6JN  mice.  Further  studies  revealed  that  1  |ag  of  PWM  was  well  tolerated 
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NIAID 
Lab.  Staff 

Total: 
Profes 
Other : 

sional: 

3/12 
1/12 
2/12 

Proj 

ect  Des 

cription; 

Obiectives: 

and  this  dosage  v/as  used  in  subsequent  experiments.   It  was  found  that  mice 
inoculated  with  either  PWM  or  jP.  berghei  demonstrated  the  presence  of  blast- 
type  cells  although  PWM  was  more  efficacious.   In  mice  that  received  both 
PWM  and  P.  berghei,  the  parasitemia  increased  at  a  faster  rate  than  did  those 
which  received  only  P^.  berghei.   The  exact  reason  for  this  increase  is  not 
readily  apparent. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 

The  use  of  PIVM  may  cause  the  transformation  of  cells,  i^  vivo,  capable 
of  synthesizing  immunoglobulins.   This  model  can  then  be  used  to  study  the 
immune  response  to  P.  berghei  in  order  to  determine  the  effect  of  transformed 
cells  on  antibody  production  to  the  parasite. 

Proposed  Course  of  Project; 

Mice  will  be  inoculated  with  PWM  in  order  to  investigate  the  cause  of 
parasite  enhancement  already  observed.   Parameters  to  be  included  will  be 
immunoglobulins  synthesized,  antibody  response,  parasitemia  and  parasite 
morphology. 

Honors  and  Awards :   None 

Publications:   None 
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Serial  No.   NIAID  -   117-B 

1.  Germfree  Animal  Research 

2.  Microbiology  &  Immunology 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 


Project  Title:   Immunologic  studies  in  simian  malaria 

Previous  Serial  Number:   Same 

Principal  Investigator:   John  F.  Finerty 

Other  Investigators:   Kendall  Powers 

Cooperating  Units:  Laboratory  of  Parasite  Chemotherapy,  NIAID-131 

Man  Years : 

NIAID       Other  NIH  Personnel     Guest 
Lab.  Staff    Assigned  to  Project    Workers 

1  0  0 

4/12  0  0 

8/12  0  0 


Total: 

Professional: 
Other : 

Project  Description: 


TOTAL 

1 

4/12 
8/12 


Objectives : 

To  study  the  immune  response  of  rhesus  monkeys  (Macaca  mulatta)  to 
various  species  of  simian  malaria  parasites.  To  determine  the  types  of 
immunoglobulins  synthesized  in  response  to  infections  with  malaria  parasites. 
To  study  antibody  levels  in  chronic  malaria  infections  and  persistence  of 
antibodies  during  suppression  and  after  definitive  therapy.  To  determine 
the  antigenic  specificity  of  the  antibodies  produced.  To  evaluate  the  type(s) 
of  antibody  producing  cells. 

Methods  Employed: 

Antisera  were  prepared  in  rabbits  and  goats  against  normal  monkey  serum. 
In  addition,  antisera  were  also  prepared  against  sera  obtained  from  monkeys 
infected  with  either  Plasmodium  cynomolgi  and  Plasmodium  coatneyi .  Monkey 
sera  were  analyzed  by  Immunoelectrophoresis  and  the  Ouchterlony  method. 
Monkey  IgG- immunoglobulins  were  quantitated  by  the  radial-gel  diffusion  method. 

Major  Findings: 

Three  monkey  IgG- immunoglobulins  have  been  obtained  that  are 
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immunologically  uncontaminated  with  other  serum  proteins.   They  have  been 
classified  as  7S72  immunoglobulins.   These  were  used  as  standards  for  the 
quantitation  of  IgG  in  monkeys  infected  with  P.  cynomolgi.   Results  of  these 
studies  revealed  a  decrease  in  IgG  24  hours  preceding  a  peak  in  parasitemia, 
followed  by  a  rise  in  IgG  levels.   A  decrease  in  parasitemia  was  accompanied 
by  a  fall  in  IgG  levels . 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

The  results  will  provide  a  laboratory  model  for  the  immunologic  study 
of  primate  malaria.   Data  obtained  will  be  applied  to  the  problem  of  lack  of 
protective  immunity  in  human  malaria. 

Proposed  Course  of  Project; 

Further  studies  will  involve  the  quantitation  of  IgM  and  IgA  levels  as 
well  as  malarial  antibody  levels  during  the  course  of  P.  cynomolgi  infections 
in  monkeys,  a  disease  which  is  similar  to  P.  vivax  in  humans. 

Honors  and  Awards :   None 

Publications:   None 
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Serial  No.  NIAID  -  117-C 

1.  Germfree  Animal  Research 

2.  Microbiology  &  Immunology 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 


Project  Title:   Separation  of  different  erythrocytic  stages  of  Plasmodium 
berghei 

Previous  Serial  Number:  None 

Principal  Investigator:   John  F.  Finerty 

Other  Investigators:   Richard  Asofsky,  and  Charles  B.  Evans 

Laboratory  of  Germfree  Animal  Research,  NIAID 

Cooperating  Units:  None 


Man  Years : 


Total: 

Professional: 
Other : 

Project  Description: 


NIAID  Other  NIH  Personnel  Guest 

Lab.  Staff  Assigned  to  Project  Workers  TOTAL 

6/12              0  0  6/12 

2/12              0  0  2/12 

4/12              0  0  4/12 


Ob  jectives : 

To  isolate  the  various  erythrocytic  stages  of  P.  berghei .  To  determine 
the  role  of  each  stage  of  the  parasite  in  the  immune  response  in  mice. 

Methods  Employed: 

Whole  blood  parasitized  with  £.  berghei  was  obtained  from  NIH-white  and 
BALB/cAnN  mice.  The  blood  was  centrifuged  in  gradients  consisting  of  various 
concentrations  of  bovine  serum  albumin.  The  gradients  were  fractionated  and 
cells  obtained  were  stained  with  Giemsa. 

Major  Findings: . 

The  different  erythrocytic  stages  of  P.  berghei  separated  into  discrete 
bands,  depending  on  their  buoyant  density.  Erythrocytes  infected  with  tropho- 
zoite stages  were  heavier  than  those  infected  with  the  schizont  stages.   Pre- 
liminary indications  suggest  that  the  larger  stages  of  the  parasite  are  more 
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buoyant  than  the  smaller  stages.   Microscopic  examination  revealed  that  the 
morphology  of  the  separated  parasites  was  identical  to  those  seen  in  unfrac- 
tionated  blood. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

Currently,  there  is  no  method  available  for  the  separation  of  the  various 
erythrocytic  stages  of  asynchronous  malaria  parasites  e.g.  P.  berghei.   The 
separation  and  isolation  of  these  stages  are  mandatory  in  order  to  evaluate 
the  role  of  each  stage  in  the  host's  immune  response  to  malaria  parasites. 

Proposed  Course  of  Project: 

Studies  will  be  designed  to  isolate  the  various  erythrocytic  stages  of 
P.  berghei.  These  will  be  used  as  antigens  in  order  to  determine  the  level, 
in  mice,  of  malarial  antibody  produced  to  each  stage  of  the  parasite. 

Honors  and  Awards :   None 

Publications:   None 


44 


Serial  No.  NIAID  -  118 

1.  Germfree  Animal  Research 

2.  Experimental  Pathology 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  I,    1967  through  June  30,  1968 

Project  Title:   Studies  of  thoracic  duct  lymphocytes  of  mice 

Previous  Serial  Number:   Same 

Principal  Investigator:  Mark  A.  Mandel 

Other  Investigators:  Richard  Asofsky 
Nelson  A.  Wivel* 

Cooperating  Units:   *Viral  Leukemia  and  Lymphoma  Branch,  NCI 

Man  Years: 

NIAID       Other  NIH  Personnel     Guest 
Lab.  Staff    Assigned  to  Project    Workers    TOTAL 

Total:  1  0  0        1 

Professional:        3/12  0  0        3/12 

Other:  9/12  0  0        9/12 

Project  Description: 

Objectives : 

To  study  the  distribution  and  function  of  cells  in  different  parts  of  the 
mouse  lymphoid  system. 

Methods  Employed: 

Adult  Balb/c  mice  received  a  single  intraperitoneal  injection  of  ferritin 
(2  mg)  and  then,  after  varying  inteirvals,  their  thoracic  ducts  were  cannulated. 
Thoracic  duct  cells  were  transferred,  intravenously,  to  syngeneic  irradiated 
(500  R)  five  week  old  animals.  Variables  in  the  study  included  the  number  of 
transferred  thoracic  duct  cells,  the  additional  inoculation  of  syngeneic  bone 
marrow  cells,  and  the  dose  of  ferritin  used  to  challenge  the  animals.  The 
recipient  animals  were  serially  bled;  antibody  against  ferritin  was  titered 
by  a  hemagglutination  technique.  The  class  of  antiferritin  antibody  was  iden- 
tified by  radioimmunoelectrophoresis. 

Thoracic  duct  cells  from  different  days  of  drainage  were  collected  in 
buffered  saline,  fixed  in  glutaraldehyde  and  chrome  osmium,  and  then  examined 
with  an  electron  microscope.  The  morphology  of  the  cell  population  was  compared 
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to  their  ability  to  synthesize  immunoglobulins  in  vitro. 

Major  Findings: 

The  first  transfer  of  immunologic  memory  with  5  x  10   thoracic  duct  cells 
was  accomplished  four  weeks  after  primary  immunization  of  the  cannulated  mice. 
Higher  titers  of  antiferritin  antibody  were  found  with  cells  collected  at 
later  times;  highest  titers  were  seen  at  8-9  weeks,  after  which  time  a  gradual 
decline  was  noted.   Antiferritin  antibody  was  found,  on  radioimmunoelectrophor- 
esis,  to  be  of  both  y-^^   and  72  classes  indicating  that  this  was,  indeed,  a 
secondary  type  of  response.   It  was  necessary  to  inject  the  irradiated  animals 
with  syngeneic  bone  marrow  cells  (10  x  10")  to  protect  them  from  the  effects 
of  irradiation.   A  high  mortality  C>757o)  was  found  when  as  many  as  20  x  10 
thoracic  duct  cells  alone  were  transferred  to  irradiated  mice.   Control  mice 
that  received  bone  marrow  alone  never  made  a  secondary  type  of  response  when 
challenged  with  ferritin.   Similar  transfer  experiments  using  spleen  cells 
from  immunized  animals  indicated  that  these  cells  were  capable  of  producing  a 
secondary  response  as  early  as  two  weeks  after  primary  immunization.   The  levels 
of  antibody  obtained  with  transferred  spleen  cells  remained  fairly  uniform  over 
a  twelve  week  period,  and  at  later  times  were  consistently  lower  than  those 
obtained  with  thoracic  duct  cells. 

Ultrastructural  studies  on  the  cellular  population  of  thoracic  duct  Ijmiph 
revealed  that  the  lymphocyte  count  varied  from  947o  to  977o  on  different  days  of 
drainage.   Also  seen  were  small  numbers  of  immature  and  mature  plasma  cells, 
monocytes,  polymorphonuclear  leukocytes,  and  nonclassifiable  elements.  An 
increase  in  the  number  of  developing  and  mature  plasma  cells  was  demonstrated 
after  the  first  day  of  drainage.   The  lymphocyte  population,  itself,  was  hetero- 
geneous.  The  nuclei  were  frequently  lobulated;  the  cytoplasm  contained  few 
free  ribosomes  and  mitochondria.   Some  207o  had  a  fairly  well-developed  Golgi 
apparatus  while  5%   had  vacuolar  cytoplasmic  inclusions  that  contained  a  homo- 
geneous material  and  were  not  membrane  limited. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

These  experiments  should  help  to  elucidate  the  types  and  kinetics  of 
appearance  of  cells  which  mediate  immunologic  reactions.   Such  knowledge  is 
basic  to  an  understanding  of  the  control  of  these  reactions.   Thoracic  duct 
cells  provide  a  relatively  homogeneous  population  for  comparison  with  the  solid 
lymphoid  tissues.   As  part  of  the  pool  of  circulating  lymphocytes  they  also 
probably  provide  the  principal  means  of  disseminating  immunologically  active 
cells . 

Proposed  Course  of  Project: 

Future  investigations  will  be  concerned  with  fractionation  of  spleen  and 
thoracic  duct  cell  populations  by  means  of  ultracentrifugation  in  a  high  density 
gradient.   Both  the  function  and  morphology  of  cells  from  the  various  fractions 
will  be  studied.   A  comparison  of  circulating  (thoracic  duct  and  blood)  lympho- 
cytes with  cells  from  spleen  with  respect  to  graft  versus  host  reactions  is 
being  made. 
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Honors  and  Awards :   None 


Publications 


Mandel,  M.  A. :   Isolation  of  mouse  lymphocytes  for  immunologic  studies 
by  thoracic  duct  cannulation.   Proc.  Soc.  for  Exp.  Biol,  and  Med.,  126:  521- 
524,  1967. 

Mandel,  M.  A.  and  Asofsky,  R.:   Studies  on  thoracic  duct  lymphocytes  of 
mice. I.  Immunoglobulin  synthesis  in  vitro.   J.  Immun. .  100:  363-370,  1968. 
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Serial  No.  NIAID  -  118-A 

1.  Germfree  Animal  Research 

2.  Experimental  Pathology 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 

Project  Title:  The  suppressive  effects  of  heterologous  antithymocyte  sera  on 
the  homograft  reaction  in  mice 

Previous  Serial  Number:   None 

Principal  Investigator:   Mark  A.  Mandel 

Other  Investigators:   Richard  Asofsky,  and  Martha  B.  Hylton,  Laboratory  of 
Germfree  Animal  Research,  NIAID 

Cooperating  Units:   None 

Man  Years : 

NIAID       Other  NIH  Personnel     Guest 
Lab.  Staff    Assigned  to  Project    Workers    TOTAL 

Total:  1-6/12  0  0       1-6/12 

Professional:      9/12  0  0        9/12 

Other:  9/12  0  0        9/12 

Project  Description: 

Objectives : 

These  studies  were  designed  to  investigate  the  effect  of  heterologous 
antithymocyte  sera  on  graft  versus  host  reactions  and  on  allograft  survival 
in  mice. 

Methods  Employed: 

Antithymocyte  serum  (ATS)  was  prepared  by  immunizing  rabbits  with  two 
intravenous  injections  of  Balb/c  thymocytes.  The  antiserum  was  separated  into 
its  IgM  and  IgG  fractions  by  means  of  salt  precipitation,  followed  by  gel 
filtration. 

Two  parameters  of  homograft  reactivity,  a  quantitative  graft  versus 
host  (GVH)  reaction  and  skin  homograft  rejection,  were  used  to  assay  the  sup- 
pressive effect  of  single  and  multiple  injection(s)  of  ATS  on  the  immune 
reactivity  of  Balb/c  mice.   The  GVH  assay  was  performed  by  the  inoculation  of 
newborn  C57B1  mice  with  varying  doses  of  spleen  cells  from  either  normal  mice 
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or  those  treated  with  different  doses  of  ATS.   Splenomegaly  resulted  in  the 
recipient  mice  and  a  linear  relationship  was  noted  between  the  relative  spleen 
enlargement  (spleen  index)  and  the  logarithm  of  the  number  of  grafted  cells. 
By  means  of  a  parallel  line  assay  the  degree  of  suppression  in  the  spleen  cell 
population  of  treated  Balb/c  mice  could  be  quantitated. 

The  ability  of  the  different  fractions  of  ATS  to  agglutinate  thymocytes 
in  vitro  as  well  as  to  change  the  peripheral  blood  count  in  vivo  was  also 
studied. 

Major  Findings: 

Two  days  after  treatment  of  Balb/c  mice  with  a  single  injection  of  ATS 
the  ability  of  their  spleen  cells  to  evoke  a  GVH  reaction  was  decreased  at 
least  fifteen-fold;  a  return  to  normal  GVH  activity  was  noted  after  4  weeks. 
A  series  of  injections  of  ATS  resulted  in  a  more  pronounced  and  prolonged  sup- 
pression of  GVH  activity.   Skin  allograft  survival  correlated  well  with  sup- 
pression of  GVH  activity;  a  10-fold  suppression  of  GVH  activity  was  needed 
before  an  increase  in  the  life  of  allogeneic  skin  grafts  was  seen. 

The  crude  globulin  fraction  of  ATS  was  as  effective  as  the  whole  anti- 
serum in  the  suppression  of  homograft  reactivity.  The  bulk  of  the  activity 
was  found  in  the  IgG  fraction.   However,  the  IgM  fraction  contained  activity 
and  on  a  molar  basis  IgM  may  be  as  active  as  IgG.  Reduction  and  alkylation 
of  IgG  did  not  impair  its  activity  but  did  destroy  that  of  IgM.  The  F(ab)2 
fragment  had  some  activity,  but  much  less  than  that  of  IgG  on  a  weight  basis. 
The  Fab  fragment  was  inactive.  The  activity  of  both  whole  antiserum  and  the 
crude  globulin  fraction  was  much  greater  than  could  be  accounted  for  on  the 
basis  of  their  IgG  content  alone. 

The  preparations  of  ATS  most  effective  in  depressing  the  homograft 
reaction  produced  the  most  striking  lymphopenias.  The  lymphocyte  count,  how- 
ever, proved  to  be  a  poor  index  of  the  state  of  suppression  since  the  count 
remained  low  even  when  the  reactivity  of  spleen  cells  was  near  normal.  The 
in  vitro  agglutination  of  thymocytes  by  various  preparations  of  ATS  did  not 
correlate  well  with  their  in  vivo  activity;  high  agglutinin  titers  did  not 
always  indicate  high  activity. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 

Ant i lymphocyte  serum  shows  great  promise  as  an  agent  for  the  suppression 
of  homograft  reactions,  and  has  already  found  use  in  human  renal  transplantation 
work.  The  present  studies  are  intended  to  find  the  most  effective  regimens 
using  the  most  biologically  active  fractions  of  anti lymphocyte  serum. 

Proposed  Course  of  Project: 

Preliminary  experiments  reveal  that  small  amounts  of  IgG  (1/lOth  the 
dose  used  in  conventional  mice)  cause  a  severe  and  prolonged  suppression  of 
GVH  activity  in  spleens  of  germfree  mice.  The  effect  of  environmental  con- 
ditions on  this  phenomenon  is  under  investigation. 
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Honors  and  Awards ;   None 


Publications; 


Mandel,  Mark  A.  and  As of sky,  Richard:   Effects  of  Heterologous  Antithymocyte 
Sera  in  Mice  I.  Use  of  a  Graft  versus  Host  Assay  as  a  Measure  of  Homograft 
Reactivity,  J.  Immun. ,  in  press. 

Mandel,  Mark  A.  and  Asofsky,  Richard:   Effects  of  Heterologous  Antithymocyte 
Sera  in  Mice  II.  Quantitative  Evaluation  of  IgM,  IgG,  and  Their  Subunits  in 
Suppressing  Homograft  Reactions,  J_.    Immun. ,  in  press. 
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Serial  No.  NIAID  -  119 
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2.  Microbiology  &  Immunology 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 

Project  Title:  Antibody  response  to  bacteriophage  0X174  in  germfree  and 
conventional  Balb/c  mice 

Previous  Serial  Number:  None 

Principal  Investigator:  Phillip  J.  Baker 

Other  Investigators:   None 

Cooperating  Units :  None 


Man  Years ; 


NIAID       Other  NIH  Personnel     Guest 
Lab.  Staff    Assigned  to  Project    Workers    TOTAL 


Total:  1-6/12  0  0        1-6/12 

Professional:      1-6/12  0  0        1-6/12 

Other:  0  0  0        0 

Project  Description: 

Objectives; 

To  investigate  the  mechanisms  of  the  recognition  of  antigen  by  immuno- 
competent cells  using  the  specific  adsorption  of  bacteriophage  0X174  as  a 
model  system.  To  describe  the  kinetics  of  the  antibody  response  to  0X174  in 
respect  to  the  numbers  and  types  of  cells  involved  and  the  classes  of  specific 
immunoglobulins  produced.  To  investigate  the  biological  activity  of  various 
classes  of  mouse  immunoglobulins  in  respect  to  bacteriophage  neutralization. 

Methods  Employed: 

Mice  were  immunized  with  purified  preparations  of  bacteriophage  0X174. 
At  selected  time  intervals  post  immunization,  spleen  cell  suspensions  were 
prepared  and  assayed  for  their  ability  to  adsorb  antigen  (0X174)  using  the 
soft  agar  layer  assay  method.   Spleen  cell  suspensions  from  non- immunized 
mice  served  as  controls.   Serum  samples  as  well  as  tissue  culture  fluids 
derived  from  micro-culture  experiments  in  which  small  numbers  of  immune  cells 
were  used,  were  assayed  for  neutralizing  activity.   Such  studies  provided 
information  relevant  to  the  amount  of  antibody  produced  and  the  number  of 
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cells  producing  neutralizing  antibody.  All  of  the  above  investigations  were 
conducted  in  conventionally  reared  mice  in  order  to  obtain  information  which 
would  be  of  value  in  standardizing  methods  ultimately  to  be  used  with  germ- 
free  animals. 

Major  Findings: 

Although  the  results  of  these  preliminary  investigations  revealed  the 
presence  of  from  200-700  antigen  reactive  cells  per  10"  immune  spleen  cells 
examined,  it  is  quite  likely  that  not  all  of  the  antigen  reactive  cells 
present  were  being  detected.   Consequently,  further  studies  must  be  made  in 
systematically  assessing  all  of  the  variables  connected  with  adsorption  to 
establish  optimal  conditions  for  assay.   Neutralization  constants  of  1.7- 
3.5  min~l  were  regularly  obtained  at  3-4  days  post  immunization;  however,  in 
some  instances  neutralization  did  not  follow  first  order  kinetics,  perhaps 
due  to  variations  in  the  types  and  amounts  of  neutralizing  antibodies  pro- 
duced during  the  course  of  the  antibody  response. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute; 

Little  is  known  concerning  the  manner  in  which  immunocompetent  cells 
recognize  foreign  antigens.   Such  information  is  essential  to  an  understanding 
as  to  how  antibody  synthesis  is  initiated.   The  use  of  0X174  as  the  test 
antigen  provides  one  with  a  sensitive  indicator  system  which  is  dependent 
solely  on  the  union  of  antigen  (0X174)  with  antibody  or  receptor  sites  which 
may  be  present  at  the  cell  surface.   By  means  of  chemically  coupling  hap- 
tenic  groups  to  0X174,  such  studies  can  be  extended  to  include  investigations 
on  the  nature  of  recognition  of  determinant  groups  and  the  role  of  the  carrier 
molecule  in  initiating  antibody  synthesis.   Further,  by  means  of  absorption 
of  neutralizing  antibody  with  class  specific  anti-globulins,  one  can  begin 
to  assess  the  biological  activity  of  certain  classes  of  immunoglobulins  in 
respect  to  bacteriophage  neutralization.   In  all  of  the  above  studies,  the 
germfree  animal  would  be  an  extremely  valuable  tool,  not  only  because  of 
their  rather  low  but  well  characterized  immunoglobulin  levels,  but  also 
because  of  their  very  limitec^  if  anjj  exposure  to  the  antigen  used. 

Proposed  Course  of  Project: 

Conventionally  reared  Balb/c  mice  will  continue  to  be  used  to  investigate 
the  variables  associated  with  the  adsorption  of  phage  by  immunocompetent 
cells.   Once  having  established  optimal  conditions  for  assay,  definitive  in- 
vestigations will  be  conducted  in  germfree  mice. 

Honors  and  Awards :   None 

Publications:   None 
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Laboratory  of  Parasitic  Diseases 
National  Institute  of  Allergy  and  Infectious  Diseases 
Summary  statement  of  research  activities  July  1,  I967  through  June  30, 

Program  development  and  trends 

The  laboratory  has  continued  a  relatively  broad  approach  to  the  problems  of 
parasitism  and  parasitic  diseases,  emphasizing  fundamental  studies .  During 
the  past  year,  a  major  reorganization  along  functional  lines  was  accomplished, 
the  laboratory  now  being  comprised  of  the  following  sections:   Cell  Biology 
and  Immunology;  Host-Parasite  Relations;  Physiology  and  Biochemistry;  and 
Growth  and  Differentiation.  Although  a  strong  interest  in  specific  diseases 
e.g.  schistosomiasis,  filariasis  and  amebiasis  continues,  these  will  also  be 
studied  horizontally  within  the  context  of  the  above  disciplines. 

The  PL-480  program  on  amebiasis  in  Hyderabad,  India,  (Project  Officer,  Dr. 
Diamond),  that  had  been  scheduled  for  termination  was  extended  into  this 
fiscal  year,  and  will  be  brought  to  a  conclusion  in  September,  I968.  A  new 
PL-480  program  on  amebiasis  in  collaboration  with  the  All- India  Institute  of 
Medical  Sciences  in  New  Delhi,  India  is  in  the  planning  stage.   If  approved, 
it  is  anticipated  that  it  will  become  operational  in  Fiscal  Year  I969. 

A  number  of  G-uest  Workers  and  associates  have  been  accommodated  in  the  labora- 
tory. Dr.  Johannes  Eckert  (Germany)  completed  his  studies  in  cestode  bio- 
chemistry and  physiology;  Dr.  P.  C.  Fan  (Taiwan)  investigated  the  effects  of 
selected  wavelengths  of  light  on  emergence  of  schistosome  cercarlae  from 
snails;  Dr.  Loren  Anderson  (Tulane  University)  studied  different  geographical 
strains  of  Schistosoma  mansoni;  Dr.  Kazuo  Yasuraoka  (Tokyo,  NIH),  the  first 
Japanese  to  be  supported  in  the  United  States  through  the  Japan-United  States 
Cooperative  Medical  Science  Program,  investigated  the  effects  of  temperature 
shock  on  the  embryonation  in  vitro  of  eggs  of  parasitic  nematodes;  Dr.  Luis 
Bojalil  (Mexico)  worked  on  fractionation  of  mycobacterial  antigens.  Dr. 
Michael  Nieland,  Research  Associate,  continued  his  Investigations  on  the 
biochemistry  and  ultrastructure  of  cestodes,  and  COSTEP  Students,  Mark  Atkins, 
Dale  0 'Bryan  and  Robert  Millman  participated  in  studies  on  filariasis,  para- 
site biochemistry  and  trypanosomiasis  immunology,  respectively. 

Collaborative  studies  have  been  conducted  within  and  without  NIH  by  many 
investigators  in  the  laboratory.  Within  NIH,  studies  have  been  performed 
with  the  Pathological  Anatomy  Department,  Clinical  Center;  Pathologic  Anatomy 
Branch,  NCI;  Laboratory  of  Histology  and  Pathology,  NIDR;  Laboratory  of 
Physical  Biology,  NIAMD;  Laboratory  of  Biology,  NCI;  Medicine  Branch,  NCI; 
Laboratory  of  Bacterial  Diseases,  NIAID;  Laboratory  of  Parasite  Chemotherapy, 
NIAID.  Outside  NIH,  collaborative  investigations  have  been  conducted  with 
the  Department  of  Medical  Zoology  and  the  Ophthaljnology  Service,  Walter  Reed 
Army  Institute  of  Research;  the  Department  of  Pathology,  Peter  Bent  Brigham 
Hospital,  Boston;  the  Department  of  Zoology,  University  of  Utah;  the  Depart- 
ment of  Medical  Microbiology  and  Immunology,  School  of  Medicine,  University 
of  California,  Los  Angeles;  Department  of  Microbiology,  Syracuse  University, 


Upstate  Medical  Center;  Institute  of  Medical  Sciences,  Osmania  Medical  College, 
India;  Parasitology  Service,  Faculty  of  Medicine,  University  of  Lille,  France. 

During  the  past  year  several  staff  members  have  been  invited  to  present  lec- 
tures, and  have  heen  specially  recognized  in  various  -ways.  Dr.  Theodor  von 
Brand  was  elected  to  the  office  of  President-Elect,  American  Society  of 
Parasitologists.  Dr.  A.  W.  Cheever  was  invited  to  serve  as  organizer  for  the 
Subsection  on  Pathologic  Aspects  of  Schistosomiasis  at  the  8th  International 
Congresses  on  Tropical  Medicine  and  Malaria,  and  to  lecture  on  the  Pathology 
of  Schistosomiasis  for  the  AFIP  course  in  Geographic  Patnology  of  Infectious 
Diseases.  Drs .  von  Brand,  Richards  and  Weinstein  participated  in  the  "Sympo- 
sium on  Parasitic  Diseases",  U.S. -Japan  Cooperative  Medical  Science  Program, 
California.  Drs.  Sheffield,  von  Brand  and  Weinstein  were  invited  to  serve  on 
the  Advisoiy  Program  Committee  for  the  Second  International  Congress  of  Para- 
sitologists. Dr.  Charles  Greenblatt  was  a  panelist  in  the  World  Health 
Organization,  P.  A.  H.  0.  Conference  on  Trypanosomiasis,  and  also  presented 
an  invited  lecture  at  the  University  of  Maryland .  Drs .  Sheffield  and  Weinstein 
served  as  Assistant  Editors,  Joiirnal  of  Parasitology.  Dr.  Weinstein  also 
served  on  the  Editorial  Board,  Proc .  Helminthological  Society  of  Washington, 
and  as  a  Member,  Parasitic  Diseases  Panel,  U.S. -Japan  Cooperative  Medical 
Science  Program.  Drs.  Weinbach  and  Pacheco  presented  lectures  in  the  NIH 
Graduate  School,  and  Dr.  Pacheco  gave  a  course  in  parasitology  at  the  Univer- 
sity of  Pittsburgh  School  of  Medicine. 

The  following  individuals  resigned  during  the  past  year:   Dr.  Nathan  Brot,  to 
accept  a  position  with  the  New  Hoffman- LaRoche  Research  Institute;  Dr.  Charles 
Greenblatt,  to  accept  an  invitation  to  do  research  at  Hebrew  University, 
Israel . 


RESEARCH  ACCOMPLISHMENTS 


The  significant  findings  of  the  past  year  are  summarized  below: 

SCHISTOSOMIASIS      The  studies  have  emphasized  two  areas  of  research: 

(l)   The  pathogenesis  of  infection,  particularly  with 
regard  to  quantitation  of  the  dynamics  of  egg  production  and  destruction, 
which  is  of  basic  significance  in  the  development  of  disease  in  man  and 
animals,  and  (2)  the  study  of  molluscan  vector  genetics  and  diseases  of 
mollusks,  to  obtain  information  applicable  to  biological  control. 

Pathogenesis:   Most  of  the  symptoms  and  lesions  of  schistosome  infec- 
tions are  caused  by  eggs  or  by  host  reaction  to  eggs,  yet  little  information 
is  available  concerning  egg  production  by  the  parasite,  or  destruction  or 
excretion  of  eggs  by  the  infected  host.  Of  importance  in  the  present  study 
was  the  establishment  of  a  meaningful  basis  for  the  quantitative  comparison 
of  S.  mansoni  infections  in  man  and  experimental  animals.  The  numbers  of 
eggs  in  the  tissues  (in  proportion  to  wonii  numbers)  is  roughly  comparable, 
but  the  egg  concentration  in  the  tissues  of  experimental  hosts  is  much  greater 
than  in  man  because  the  intensity  of  infection  used  for  experimental  studies 
is  generally  much  higher  than  exists  in  infected  persons .  Infections  of  low 


intensity  may  'he   appropriate  for  experimental  use^  and  the  need  for  caution 
in  extrapolating  from  the  results  of  animal  experiments  to  the  human  situation 
has  become  more  evident  (Cheever) . 

During  the  period  of  developing  immiinity  in  the  rhesus  monkey,  egg  production 
vas  found  to  be  suppressed,  and  the  worms  decreased  in  size  and  shifted  from 
colonic  venules  to  those  of  the  small  intestine.  These  changes  are  of  interest, 
since  they  are  similar  to  those  found  in  human  subjects  with  Symmers '  clay 
pipestem  fibrosis  of  the  liver.  Splenectomy  retarded  or  prevented  the  destruc- 
tion of  -worms  in  monkeys  immune  to  new  challenge,  but  did  not  prevent  the  inhi- 
bition of  egg  laying  (Powers  (LPC)  and  Cheever) .  In  mice,  however,  there  was 
no  change  in  egg  production  or  in  worm  position  in  prolonged  infections  (Cheever) 

In  view  of  the  problems  of  geographic  differential  pathology  of  schistosomiasis, 
it  is  of  interest  that  although  quantitative  studies  of  different  geographic 
strains  of  S.  maftisoni  in  mice  and  rhesus  monkeys  have  revealed  differences, 
the  most  remarkable  finding  13  the  degree  of  similarity  between  the  strains 
studied  (Anderson,  Cheever  and  Powers). 

The  champanzee  has  been  found  to  provide  an  important  experimental  model  for 
the  study  of  the  pathogenesis  of  schistosome  infections.  It  is  the  first 
animal  in  which  S.  mansoni  has  been  demonstrated  to  produce  unequivocal  pipe- 
stem  fibrosis  of~the  liver  resembling  that  in  man,  and  with  S.  haematobium 
infections,  the  urinary  tract  lesions  also  appear  similar  to  those  in  man 
(Sadun  (WRAIR),  von  Lichtenberg  (Peter  Bent  Brlgham)  and  Cheever). 

Molluscan  genetics  and  susceptibility  to  schistosome  infection.  The 
genetic  investigations  reported  last  year  are  now  being  exploited  by  Dr. 
Richards  in  studies  on  host  parasite  relations  between  different  geographic 
strains  of  Biomphalaria  glabrata  and  S_,   mansoni,  particularly  with  regard  to 
susceptibility  to  infection.  Various  strains  of  B.  glabrata  ranging  from 
completely  susceptible  to  infection  to  completely  refractory  with  S.  mansoni 
strains  from  different  parts  of  the  world  are  being  sorted  out  genetically. 
In  studies  with  a  strain  of  B.  glabrata  that  was  90-95^  susceptible  to  Puerto 
Rican  S.  mansoni,  when  the  5^  insusceptible  snails  were  reared  in  Isolation 
and  selfed,  their  offspring  showed  the  same  susceptibility  frequency  (95/0  • 
This  suggested  the  snails  had  the  same  genetic  makeup,  and  that  some  factor 
such  as  incomplete  penetrance  was  responsible  for  the  occasional  insusceptible 
snail . 

Other  studies  Involving  crosses  between  susceptible  and  resistant  snail  strains 
indicated  that  neither  character  is  dominant,  and  marked  age  effects  were  re- 
vealed In  the  progeny,  in  that  all  adults  tested  were  insusceptible. 

Additional  genetic  markers  have  been  discovered,  such  as  spire  formation, 
abnormal  pulmonary  cavity  tissue  growth,  and  an  apparent  hemoglobin  deficiency 
of  the  hemolymph,  the  fomier  being  associated  with  a  sublethal  effect. 

These  genetic  studies  have  considerable  theoretical  significance  for  biological 
control  of  schistosomiasis.  For  instance,  the  strain  of  B.  glabrata,  so  far 
insusceptible  to  all  strains  of  S.  mansoni  tested  co-old  conceivably  be  used 
to  dilute  or  replace  populations  of  susceptible  B.  glabrata  in  endemic  areas. 


other  studies  relative  to  potential  biological  control  mechanisms  for  mollusks 
have  revealed  interesting  intracellular  Hartmanellid  amoebae  and  flagellates, 
spirochaete-like  organisms  penetrating  the  tissues,  and  a  nematode  inhabiting 
the  hemocoel.   The  Hartmanellid  amoebae  are  of  great  interest  because  of  the 
increasing  n-umber  of  reports  of  meningoencephalitis  mortalities  in  man  being 
caused  by  organisms  of  this  group  (Richards). 

FILARIASIS      Studies  during  the  past  year  were  designed  to  investigate  the 
host-parasite  interaction  throughout  the  course  of  infection, 
and  to  correlate  the  immunopathologic  events  obsearved  with  the  biology  of  the 
f ilariids . 

IMMIMOBIOLOGY     Dipetalonema  wltei  in  the  jird  and  other  hosts  has  proved 

to  be  a  valuable  experimental  tool,  particularly  with  regard 
to  worm  transplant  experiments  and  for  the  study  of  comparative  differences 
in  host  response  to  single  and  multiple  infections.   It  was  found  that  neither 
the  prepatent  period  nor  the  level  of  microfilaremia  was  influenced  by  the 
numbers  of  infective  larvae,  by  weekly  reinfection  or  by  host  species.  From 
transplantation  experiments,  it  was  clear  that  the  level  of  microfilaremia 
observed  in  many  animals  coiild  have  been  established  or  maintained  by  one 
female.   Comparing  mongolian  jirds,  Pakistani  jirds  and  golden  hamsters,  the 
duration  of  microfilaremia  was  strikingly  different  in  each,  being  l8  months, 
2  to  3  months  and  1  month,  respectively.  Following  the  disappearance  of 
microfilaremia  in  the  golden  hamster,  the  continued  viability  and  fecundity  of 
adult  female  worms  was  demonstrated  by  transplantation.  The  pattern  of  eosino- 
philia  varied  in  the  different  host  species.   It  persisted  two  months  after 
patency  in  mongolian  jirds,  but  in  Pakistani  jirds  and  golden  hamsters,  no 
eosinophilia  was  noted  after  patency.  Eosinophil  levels  were  not  affected  by 
reinfection. 

Continued  study  of  the  population  dynamics  of  microfilariae  in  dogs  and 
in  monkeys  by  exchange  transfusion  and  injection  has  led  to  a  hypothesis  for 
the  mechanisms  underlying  the  apparently  homeostatic  regulation  of  circulating 
microfilariae.  It  is  postulated  that  passage  of  microfilariae  through  the 
capillary  beds  of  the  microcirculation  system  takes  place  rather  slowly, 
resulting  in  a  large  reservoir  of  microfilariae  in  this  system.  As  micro- 
filariae are  removed  by  exchange  transfusion,  the  microfilariae  in  the  capil- 
lary bed  continue  to  reach  the  peripheral  circulation  at  a  relatively  constant 
rate,  thus  maintaining  detectable  microfilaremia  at  a  steady  level  in  the 
absence  of  truly  homeostatic  control  mechanisms  (Pacheco  and  Orihel  (Tulane)). 

Serology.  Unequivocal  diagnosis  of  infections  with  filarial  worms 
depends  on  the  demonstration  of  microfilariae  in  blood  or  tissues  of  the  host. 
Yet  it  is  well  established  that  in  many  people  with  disease  that  has  been 
associated  with  these  helminths,  microfilariae  cannot  be  demonstrated.  Thus 
indirect  evidence  of  infection,  such  as  may  be  provided  by  serological  tests, 
must  be  sought.  In  D.  wltei  infection  in  jirds,  antibody  was  detected  in  some 
animals  as  early  as  one  week  after  infection.  Maximum  titers  were  noted  three 
weeks  after  infection  and  these  titers  remained  at  approximately  the  same  level 
through  the  tenth  week  of  the  infection,  after  which  they  decreased  slowly, 
but  were  still  readily  detectable  even  30  weeks  after  infection.   There  were 
no  evident  differences  in  antibody  titer  in  any  of  the  groups  of  jirds  whether 


they  were  injected  with  larvae  at  one  time  or  reinfected  many  times  (Pacheco). 

In  dogs  experimentally  infected  with  Dirof ilaria  immitis,  antibody 
titers  were  detected  in  two  out  of  five  dogs  as  early  as  one  week  after 
injection  of  larvae,  hut  not  imtil  6  weeks  after  infection  were  antibodies 
detectable  in  all  of  the  unmedicated  dogs  by  the  technics  used.  Antibody 
titers  in  dogs  treated  with  diethylcarbamazine  have,  except  in  one  dog,  been 
low  or  undetectable  throughout  the  period  of  observation.  Antibody  titers 
have  not  been  detected  at  any  time  in  dogs  with  patent  Dirof ilaria  immitis 
infections,  although  these  dogs  were  reinfected  during  the  course  of  this 
study.  Continued  study  of  sera  from  this  group  of  dogs  will  use  other  test 
systems  such  as  fluorescent  antibody  and  dermal  reactivity  (Pacheco  and 
Tulloch  (School  of  Aerospace  Med.,  Texas)). 

AMOEBIASIS      1.   In  vitro  cultivation  and  cryogenic  studies .  Analysis 

of  the  growth  requirements  of  Entamoeba  histolytica 
in  axenic  culture  has  continued  in  order  to  eliminate  various  complex  ingre- 
dients  that  interfere  with  some  of  the  applications  of  these  cultures  to 
immunological  and  biochemical  studies .  Attempts  to  substitute  bovine,  human 
and  fetal  calf  serum,  respectively,  for  horse  serum  were  made.  G-rowth  was 
obtained  only  in  bovine  serum,  but  it  was  not  equivalent  to  that  obtained  with 
horse  serum.  Further  progress  has  also  been  made  in  the  ciiltivation  of  E. 
moshkovskii,  the  only  free-living  entamoeba  known.   The  agar  and  serum  com- 
ponents have  been  successfully  deleted  from  the  medium  in  which  they  are  grown. 

Cultivated  trophic  stages  of  Entamoeba  coli  and  Dientamoeba  fragilis 
along  with  their  associated  bacteria  have  been  freeze-preserved  and  stored 
in  liquid  nitrogen  in  the  presence  of  the  cryoprotective  agents  dimethyl 
sulfoxide  and  glucose.  This  apparently  is  the  first  successful  report  of 
freezing  these  organisms  (Diamond) . 

2.  Clinical  studies  in  India.  The  fluorescent  antibody  test  for 
amoebiasis  was  evaluated  for  the  first  time  in  an  endemic  population.  The 
studies  confirmed  the  high  reliability  of  the  test  in  extra- intestinal  amoe- 
biasis (86^  concurrence  with  clinical  evaluation  in  amoebic  hepatitis,  and  97^ 
in  amoebic  liver  abscess),  and  a  somewhat  lower  degree  of  reliability  in  cases 
of  chronic  intestinal  amoebiasis  (65^0  concurrence)  .  The  reliability  of  the 
test  in  the  few  cases  of  acute  intestinal  amoebiasis  that  were  studied  was 
intermediate  (77^  concurrence) . 

A  study  of  hh   cultured  strains  of  entamoebae  isolated  from  clinically 
active  cases  of  amoebiasis  and  asymptomatic  carriers  failed  to  reveal  the 
presence  of  E.  histolytica-like  amoebae,  i.e.  entamoebae  that  are  similar  in 
morphology  to  E.  histolytica,  but  unlike  this  amoeba  are  capable  of  in  vitro 
growth  in  hypotonic  solutions  and  at  temperatures  ranging  between  10  and  35  C. 
On  the  basis  of  other  studies,  present  findings  suggest  the  absence  of  these 
amoebae  in  the  population  \uider  study,  and  this  may  be  of  epidemiological  sig- 
nificance. Thus  far,  these  E.  histolytica-like  amoebae  have  been  isolated 
only  in  temperate  zones,  and  from  subjects  displaying  little  or  no  intestinal 
symptoms  (Diamond,  Goldman  and  Lawless  (LCI)). 


TOXOPLASMOSIS      1.  Ant i- Toxoplasma  antibodies  in  patients  vith  malignancies. 
It  -was  previously  reported  that  the  change  in  Toxoplasma 
serology  from  negative  to  positive  in  leukemia  patients  was  found  to  occur  with 
high  frequency,  and  appeared  to  take  place  at  ahout  the  time  the  patient  begins 
to  receive  large  volumes  of  transfused  whole  blood  or  blood  products .  Con- 
tinued study  has  shown  that  in  29  patients  with  chronic  myelogenous  leukemia 
whose  titers  were  followed  before  and  after  a  series  of  blood  product  trans- 
fusions, sero-conversion  from  negative  to  positive  (usually  at  low  titers) 
took  place.  These  results  indicate  that  passive  transfer  of  antibody  to  these 
patients  was  occiirring  through  the  large  volume  of  blood  products  received. 
One  patient  with  leukemia  and  a  positive  ant i- toxoplasma  titer  of  several 
years '  duration  developed  a  high  subsequent  anti-toxoplasma  HA  titer  associated 
with  a  concomitant  19S  (igM)  Toxoplasma  antibody  rise  suggesting  reactivation 
of  toxoplasmosis  by  anti-neoplastic  therapy.  There  were  no  significant  dif- 
ferences in  the  percentage  HA  positivity  between  patients  with  malignant 
diseases  of  the  reticuloendothelial  system  and  othenjlse  nomial  populations 
where  an  increased  percent  positivity  with  age  was  observed  (Vogel,  Lunde  and 
Melton) . 

2.  Immimoglobulin  response .  A  better  understanding  of  the  immunoglo- 
bulin responses  in  chronic  and  reactivated  toxoplasmosis  may  lead  to  a  clearer 
understanding  of  the  disease  process  in  the  patients .  Positive  anti-toxoplasma 
IFAT  19s  titers  have  been  demonstrated  in  6  patients  with  presumptive  diagnoses 
of  active  ocular  toxoplasmosis.  These  findings  and  the  positive  anti-toxoplasma 
IgM  titers  obtained  in  the  leukemia  patient  suggest  that  anti-toxoplasma  IgM 
antibodies  may  not  be  restricted  solely  to  congenital  or  acute  acquired  toxo- 
plasmosis. Anti-toxoplasma  IgA  antibody  was  found  in  the  serum  of  one  patient 
with  acute  acquired  toxoplasmosis.  Patients  with  active  ocular  toxoplasmosis 
showed  elevated  globulin  levels  in  the  eye  as  well  as  positive  anti-toxoplasma 
HA  titers  in  the  aqueous  humor.   IgA  and  IgG  ratios  in  the  aqueous  humor  appear 
to  be  similar  to  that  found  in  the  serum  (Lunde  and  Thomas  (W.R.  Hosp.)). 

3.  Virus-toxoplasma  host  cell  association.  When  human  fibroblasts, 
that  were  previously  susceptible  to  Toxoplasma  were  infected  in  vitro  with 
cytomegalovirus  they  became  relatively  resistant  to  infection  with  Toxoplasma 
during  the  first  four  days  of  the  virus  infection.  After  five  days,  the 
cytomegalovirus- infected  cells  became  susceptible  to  the  parasites.  The 
toxoplasmas  replicate  in  paracentral  rosettes  surrounded  by  host  cell  mito- 
chondria. This  growth  configuration  differs  from  that  seen  in  human  fibro- 
blasts infected  in  vitro  with  Toxoplasma  only,  but  resembles  the  pattern 
seen  in  virus -Toxoplasma  infected  cells  found  in  human  necropsy  tissue. 
Although  the  effects  of  viruses  on  protozoan  infections  such  as  malaria  have 
been  described  for  infected  hosts,  this  represents  the  first  demonstrated 
double  infection  at  the  cellular  level  by  both  a  virus  and  a  protozoan  parasite 
of  which  we  are  aware  (GeldeiTnan  and  Grimley  (NCI),  Lunde  (LPD),  and  Rabson 
(NCI)). 

h.     Parasite  transmission.  Although  previous  preliminary  results  were 
similar  to  Hutchinson's  reported  transmission  of  Toxoplasma  to  mice  with  only 
embryonated  Toxocara  eggs  derived  from  infected  cats,  more  recent  findings  have 
not  correlated  as  well.  Transmission  of  Toxoplasma  has  also  occixrred  with 


floats  of  fecal  material  in  which  eggs  could  not  be  demonstrated,  or  in  vhich 
eggs  were  only  partially  embryonated,  and  thus  not  capable  of  hatching.  Con- 
siderable work  remains  to  clarify  the  seeming  association  of  Toxoplasma  and 
Toxocara,  but  it  is  apparent  that  other  possibilities  must  also  be  carefully 
explored.  Detennining  the  transmission  of  this  disease  is  of  prime  importance 
in  its  control  (Sheffield  and  Melton) . 

5 .  Parasite  ultrastructure  (normal  and  drug- treated) .  Ultrastructural 
studies  of  the  Sporozoa  have  contributed  greatly  to  an  understanding  of  the 
interrelations  of  such  important  parasites  as  malaria,  toxoplasma  and  coccidia, 
and  of  related  organisms  such  as  Besnoitia. 

In  vivo  studies:   Observation  of  early  stages  in  the  formation  of 
Besnoitia  jellisoni  cysts  has  confirmed  an  earlier  report  of  division  by 
endodyogeny.  The  occasional  finding  of  a  multicompartmented  cyst  is  indica- 
tive of  a  multiple  infection,  each  compartment  containing  the  offspring  of  a 
single  invading  organism.  The  cyst  wall  consists  of  an  amorphous  material 
interspersed  with  fine  fibrils  and  small  granules .   The  fibrils  become  more 
numerous  and  concentrated  at  the  periphery  as  the  cyst  matures .  Light  micro- 
scope staining  techniques  show  the  wall  is  PAS-positive  and  contains  an  acid 
mucopolysaccharide  substance.   In  a  fluorescent  antibody  study  (with  Lunde, 
LPD)  fluorescein- labeled  antibody  against  B.  jellisoni  was  bound  by  the  para- 
sites but  not  by  the  surrounding  cyst  wall  cytoplasm,  thus  supporting  the 
electron  microscope  evidence  that  the  latter  was  of  the  host  rather  than 
parasite  origin.  Studies  are  now  in  progress  to  determine  the  relation  of 
collagen  to  cyst  wall  formation  (Sheffield)  . 

In  vitro  studies,   l)   Detailed  studies  on  Toxoplasma  gondii  growing 
in  tissue  culture  cells  have  provided  additional  information  on  the  fine 
structure  of  various  organelles,  and  changes  occurring  during  the  growth 
and  reproduction  of  the  parasite.   The  presence  of  vesicles  within  the 
"round  body"  precursor  and  the  developed  paired  organelle  support  the  sug- 
gestion that  these  organelles  may  be  secretory  in  function.   Changes  in  the 
structure  of  the  paired  organelle  as  occasionally  seen  in  T.  gondii  and 
previously  noted  in  Besnoitia  jellisoni  may  have  a  direct  relationship  with 
the  entry  of  the  organisms  into  host  cells . 

2)  Using  tissue  culture  techniques,  the  effects  of  drugs  on  parasite 
growth  and  multiplication  are  being  studied.   Continuation  of  earlier  studies 
on  pyrimethamine-treated  T.  gondii  has  provided  additional  examples  of  cellular 
disorganization  such  as  nuclear  fragmentation  and  unusual  membrane  formation. 
However,  the  site  of  drug  activity  and  the  sequence  of  events  leading  to  dis- 
organization have  not  been  determined.  Synergistic  activity  of  a  pyrimethamine- 
sulfadiazine  combination  has  been  confirmed.  However,  no  structioral  changes 
have  been  observed  after  short-term  exposure  to  sulfadiazine  alone .  Studies 

of  longer  term  exposures  are  in  progress  (Sheffield  and  Melton) . 

3)  A  study  of  the  ultrastructure  of  the  sporozoite  of  Eimeria  bovis 
has  been  initiated  to  compare  its  morphology  with  that  of  T.  gondii,  B. 
jellisoni  and  the  merozoites  of  E.  bovis .  Findings  have  indicated  some 
similarities  between  certain  stages  of  these  parasites  that  may  be  helpful 
in  elucidation  of  the  life  cycles  of  Toxoplasma-like  organisms.  E.  bovis 


sporozoites,  during  the  initial  stages  after  entry  into  tissue-cult\rred  host 
cells,  have  typical  sporozoan  organelles  such  as  a  conoid,  paired  organelles, 
micronemes  and  a  pellicle  consisting  of  two  layers  and  an  underlying  system 
of  micro-tubules  (Sheffield  and  Hammond  (Utah  State  U.))- 

TRYPANOSOMIASIS       1.  The  natural  immunity  of  the  mouse  to  T.  levisi. 

The  species  specific  infextion  offers  an  opportu- 
nity to  develop  an  understanding  of  the  host  nutritional  and  immune  factors 
that  determine  the  success  or  failure  of  parasitism.  Two  aspects  of  factors 
affecting  the  growth  of  trypanosomes  (T.  lewis i)  in  vivo  were  investigated: 
a)  The  role  of  cellular  and  humoral  factors  in  the  immune  response,  and  b) 
the  nature  of  the  seriim  factor  of  the  normal  host  (rat)  which  when  injected 
into  a  refractory  heterologous  host  (mouse)  would  allow  the  establishment  of 
a  patent  infection. 

Cellular  and  humoral  factors .  Studies  were  continued  of  the  growth  of 
this  hemoflagellate,  which  is  host  specific  to  the  rat,  enclosed  in  millipore 
diffusion  chambers  in  heterologous  hosts .  Earlier  it  was  found  that  survival 
and  growth  were  possible  when  the  parasite  was  protected  by  the  chamber  from 
the  hosts'  cellular  defenses.   If  mice  were  given  repeated  doses  of  intact 
trypanosomes,  and  trypanosome- charged  chambers  then  implanted,  there  was  no 
growth.  Since  the  mouse  white  cells  could  not  enter  the  chambers,  it  was 
clear  that  humoral  defenses  alone  could  inhibit  parasite  growth.  Finally, 
preliminary  studies  of  the  growth  of  T.  lewis i  in  chambers  in  a  number  of 
rodent  hosts  revealed  significant  differences  between  "favorable"  (rat  and 
gerbil)  and  refractory  hosts  (mouse  and  guinea  pig). 

Growth-promoting  serum  factor.  Attention  was  again  turned  to  the  nature 
of  the  factors  found  in  rat  serizm  which  promote  T.  lewis i  infections  when  in- 
jected into  mice.  The_^^  and/CS  globulins  were  successfully  separated  (by 
electrophoretic  criteria)  .  The  growth  factors  seem  restricted  to  a  fairly 
narrow  region  of  the  slow^  globulins .  Though  nearly  homogeneous  by  filter 
paper  electrophoresis  and'  ultracentrifugation,  immiinoelectrophoresis  reveals 
at  least  3  "to  U  components  .  Attempts  are  being  made  to  characterize  finrther 
the  components  of  the  active  fraction.  The  isolated  material  promotes  massive 
parasitemias.  A  nixmber  of  animals  have  died  at  the  height  of  the  infection, 
which  we  have  never  observed  in  serum  supplemented  mice  (Greenblatt  and 
Cahnmann  (NIAMD) )  . 

2.  Pathophysiology  of  Trypanosoma  cruzi  infections.  Previous  studies 


with  malaria- infected  hosts  have  demonstrated  the  importance  of  identifying 
in  specific  organ  sites,  enzymatic  lesions  induced  by  the  infection,  using 
histochemical  methods  .  Continuation  of  these  studies  has  demonstrated  that 
mice  heavily  parasitized  with  Trypanosoma  cruzi  have  lower  enzyme  activity 
(succinic  dehydrogenase  and  cytochrome  oxidase)  than  do  ixninfected  mice. 
Histochemically,  normal  mice  exhibited  uniform  activity  of  both  enzymes 
throughout  the  liver  lobule  with  some  accentuation  around  the  periportal 
areas.  In  infected  livers  activity  was  irregular  and  generally  there  was  no 
periportal  pattern.  Quantitative  determinations  indicated  that  in  mice  infected 
eight  days  or  longer  with  parasitemias  up  to  86  million  trypanosomes  per  ml. 
of  blood  and  showing  many  parasitic  foci  in  their  liver,  activity  was  about 


one  half  that  of  the  normal  specimens.   In  mild  infections  (less  than  seven 
days)  marked  deviations  from  the  normal  did  not  occur.  The  decrease  in  enzyme 
activity  seems  to  be  related  to  the  marked  fatty  infiltration  occiirring  in  the 
infected  livers .  The  disturbance  seemed  more  extreme  in  those  livers  in  which 
the  fatty  infiltration  was  most  intense  (Mercado). 

3.  Hemocoel  development  of  Trypanosoma  rangeli.  The  variations  in  the 
host-parasite  relations  of  trypanosomes  and  their  arthropod  vectors  is  of 
fundamental  Importance  in  understanding  the  cycle  of  the  parasite  as  it  re- 
lates to  transmission.  When  Trypanosoma  rangeli  is  introduced  into  the  hemocoel 
of  its  vector,  Rhodnius  proljjcus,  crithidial  forms  invade  the  plasmatocytes, 
and  round  up  and  divide.  An  ove3rwhelming  parasitemia  usually  results  that 
ruptures  and  destroys  the  hemocytes,  causing  death  of  the  host.  Metacyclic 
forms  occur  extracellularly  in  the  hemolymph  of  some  hugs  indicating  that 
the  cycle  of  development  can  be  completed  without  involving  the  salivary 
glands .  At  dissection  certain  crithidial  forms  are  seen  attached  to  salivary 
glands  in  great  numbers  in  many  specimens,  and  in  hemolymph  smears  they  are 
found  around  hemocytes,  indicating  that  they  must  be  the  forms  that  invade 
the  glands  where  they  become  metacyclic  trypanosomes  or  the  cells  vhere  divi- 
sion occurs  (Tobie). 

h.     Effects  of  culture  on  infectivlty  and  pathogenicity  of  T.  rangeli. 
Infectivity  of  each  T.  rangeli  culture  substrain  is  lost  sometime  between  I5 
and  23  months  as  measured  by  the  culture  forms,  inoculated  into  the  hemocoel, 
losing  the  ability  to  invade  the  salivary  glands  of  R.  prolixus .  Virulence 
of  these  strains  also  diminished .  To  illustrate  this :   in  one  of  the  recently 
isolated  substrains  only  2  out  of  8  bugs  developed  salivary  gland  infections . 
One  of  these  bugs  passed  the  infection  3  times  and  the  other  only  once,  as 
compared  to  100^  of  the  bugs  passing  the  infection  every  2  weeks  for  many 
months,  10  years  ago.   Development  of  T.  rangeli  in  the  hemocoel  was  not 
affected;  strains  remained  pathogenic  to  the  bug  by  blocking  the  circulatory 
system. 

Maintenance  of  T.  rangeli  in  the  bug  by  serial  passage  of  infected 
hemolymph  did  not  increase  the  infectivity  of  a  strain,  but  did  increase 
its  pathogenicity  (Tobie). 

5.  Studies  of  molecular  structure  and  drug  action.  The  acridines 
have  long  been  used  as  therapeutic  agents  for  trypanosomiasis.  It  was 
noted  by  Browning  and  Gulbranson  in  1922  that  the  triphenylmethyl  dyes  would 
nullify  this  action  when  given  simultaneously  with  the  acridines.  This  effect, 
known  as  therapeutic  interference,  has  never  been  explained  in  terms  of  chemical 
mechanisms .  The  formation  of  complexes  between  acridines  and  triphenylmethyl 
dyes  was  studied  in  model  systems.  Calculations  of  the  electronic  densities 
suggested  favorable  systems  for  interactions  of  the  pi  electrons  between 
members  of  the  two  classes  of  compounds .  DNA,  polylysine,  and  polyglutamic 
acid  have  been  used  as  "substrates"  to  study  these  interactions.  Such  com- 
plexes have  now  been  demonstrated  by  spectroscopy,  fluorescence  quenching, 
nuclear  magnetic  resonance,  optical  rotatory  dispersion,  and  x-ray  powder 
patterns.  Further  computational  methods  were  applied  to  seek  correlations 
between  particular  electronic  configurations  and  high  toxicity.  The  best 


correlation  was  obtained  between  those  compounds  most  active  as  electron 
acceptors.  An  hypothesis  was  developed  regarding  the  facilitated  transport 
and  specificity  of  the  acridines  (Greenblatt  and  Sharpless  (LPB)). 

BIOCHEMICAL  STUDIES     1.  Substrate  utilization  and  production  of  metabolic 
ON  TAPEWORMS  end  products,  a)   Glucose  and  glycerol  respec- 

tively,  spared  the  endogenous  glycogen  utilization 
of  larval  and  adult  Taenia  taeniaeformis,  but  significant  glycogen  synthesis 
occurred  only  when  larvae  were  simultaneously  provided  with  both  substrates. 
The  decisive  factor  is  the  amount  of  substrate  absorbed  which  was  greatest 
in  the  latter  case.  Anaerobically,  only  little  less  absorption  took  place, 
but  much  more  of  the  absorbed  carbon  was  diverted  to  the  production  of  suc- 
cinate. The  utilization  of  glucose  and  glycerol  led  to  the  same  metabolic 
endproducts:   Succinate,  lactate  and  acetate.  The  amount  of  succinate  pro- 
duced depended  both  on  the  availability  of  oxygen  and  the  amount  of  substrate 
cons\itned;  that  of  lactic  and  acetic  acid  surprisingly  did  not.  The  average 
molar  ratio  of  the  two  latter  metabolites  was  1:1.  It  is  possible  that  both 
acids  originate  from  dismutation  of  pyruvic  acid  and  that  this  reaction  pro- 
ceeds at  a  maximal  rate  at  relatively  low  levels  of  substrate  utilization 
(von  Brand,  Eckert) . 

b)   Studies  directed  toward  elucidating  the  pathway  of  glycerol  meta- 
bolism in  tapewonns  have  disclosed  that  the  cytoplasm  of  T.  taeniaeformis 
contains  a  soluble  enzyme  that  promotes  the  reduction  of  dihydroxy- acetone 
phosphate  via  pyridine  nucleotide  (NADH)  to  glycerol-1-phosphate .  As  the 
mitochondria  contain  an  active  glycerol- 1-phosphate  oxidase  (not  involving 
NAD)  this  provides  a  mechanism  for  the  cestode  to  reoxidize  reduced  pyridine 
nucleotides  even  though  their  respiratory  chain  does  not  accept  reducing 
equivalents  directly  from  NADH.  The  glycerol-1-phosphate  cycle  is  found 
also  in  insect  flight  muscle  where  it  is  believed  to  have  a  key  role  in 
metabolism. 

Further  work  on  the  glycerokinase  activity  of  tapeworm  mitochondria 
confirmed  earlier  observation  that  this  enzyme  catalyses  the  phosphorylation 
of  glycerol  by  ATP.  The  product  of  this  reaction  now  has  been  verified  as 
glycerol-1-phosphate.  The  glycerokinase  from  T.  taeniaeformis  differs  from 
the  mammalian  enzyme,  but  resembles  that  of  yeast,  in  regard  to  its  nucleotide 
specificity.  CTP,  ITP  and  G-TP  can  replace  ATP  or  UTP  as  the  phosphate  donor 
(Weinbach) . 

c .  A  study  was  completed  on  the  effect  of  various  substrates  and 
inhibitors  on  the  endogenous  respiration  of  intact  larvae  of  Mesocestoides 
corti,  a  representative  of  a  little  known  species  of  cestode .  The  respira- 
tion of  these  larvae  was  insensitive  to  changes  in  oxygen  tension  in  the 
range  of  100  to  5  voliomes  percent.  Of  a  number  of  substrates  tested,  only 
glycerol  stimulated  the  respiration  significantly.  Results  of  experiments 
with  specific  inhibitors  disclosed  that  (a)  agents  that  inhibit  glycolysis 
were  effective  in  suppressing  the  endogenous  respiration  of  the  parasite; 
(b)  agents  that  influence  the  activity  of  the  tricarboxylic  acid  cycle  were 
weakly  inhibitory;  and  (c)  compounds  that  inhibit  the  mammalian  respiratory 
chain  markedly  inhibited  the  oxygen  uptake.   Significantly,  there  was  strong 
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inhllDition  of  respiration  by  the  non-heme  iron  inhibitors  mentioned  above. 
Analogous  experiments,  done  vith  intact  larvae  of  T.  taeniaeformis,  showed 
that  the  effects  of  the  Inhibitors  on  the  intact  organism  closely  correspond 
to  those  observed  with  subcelliilar  preparations  (Weinbach  and  Eckert) . 

2.  Terminal  oxidative  pathways .   Investigations  of  the  terminal  oxida- 
tive pathways  in  cestodes  was  continued.   Oxidation  of  glycerol-1-phosphate 

by  mitochondrial  fractions  of  larval  or  adult  Taenia  taeniaeformis  was  strongly 
inhibited  by  compounds  that  chelate  non-heme  iron.   Similar  results  were  ob- 
tained with  other  tapeworms  (Mesocestoides,  Hymenolepis) .  These  findings, 
together  with  the  previous  spectrophotometric  data,  indicate  that  non-heme 
iron  is  an  important  constituent  of  the  cestode  respiratory  chain.  The  results 
also  are  of  comparative  interest  in  view  of  the  recent  finding  that  plant  mito- 
chondria contain  a  hitherto  unknown  non-heme  iron  oxidase- "Foetidoxin"-which 
is  inhibited  by  these  agents . 

Thus,  the  present  data  indicate  that  in  T.  taeniaeformis  electron 
transport  from  substrate  to  oxygen  involves  flavoproteins  and  a  non-heme  iron 
carrier (s).  There  is  no  evidence  for  involvement  of  pyridine  nucleotides. 
The  question  of  cytochromes  is  uncertain.   These  respiratory  pigments  were 
not  detected  by  sensitive  low-temperature  spectrophotometry,  nor  by  specific 
enzymatic  assay.  Yet  the  respiration  of  intact  larval  and  adult  T.  taeniae- 
formis is  strongly  inhibited  by  1  mM  cyanide.   Our  previous  finding  that  the 
respiration  of  Taenia  was  insensitive  to  cyanide  now  has  been  traced  to  a  labile 
component  in  the  preparation.  When  the  mitochondria  are  isolated  by  proce- 
dures utilizing  proteinases  to  facilitate  breakage  or  the  cells,  a  cyanide- 
sensitive  component  is  released  from  the  mitochondria.   If  the  proteolytic 
enzyme  is  omitted  from  the  isolation  procedure,  cyanide- sensitivity  is  re- 
tained. This  finding  was  corroborated  by  treating  the  mitochondria  with 
detergents,  a  procedure  which  also  released  the  cyanide- sensitive  component 
(Weinbach) . 

3.  Calcareous  corpuscles.  Biochemical  studies  on  these  interesting 
structiores  has  continued  in  collaboration  with  the  Dental  Institute. 
Isolated  calcareous  corpuscles  of  Taenia  taeniaeformis  and  Cystlcercus 
cellulosae  both  incorporate  relatively  large  amounts  of  phosphate  when 
incubated  in  vitro  in  a  phosphate  solution.  The  more  acid  this  solution 

is  the  more  phosphate  was  taken  up;  x-ray  diffraction  Indicates  that  this 
phosphate  gives  rise  to  apatite  production.  Special  attention  was  paid  to 
the  question  of  the  temperature  to  which  calcareous  corpuscles  of  Taenia 
taeniaeformis  must  be  heated  to  lead  to  dolomite  formation  reported  pre- 
viously.  It  was  found  that  a  very  faint  pattern,  possibly  Indicating  the 
formation  of  this  mineral,  appeared  when  Isolated  corpuscles  were  heated  unin- 
terruptedly for  180  days  at  150°C,  but  a  distinct  pattern  was  visible  when  the 
structures  were  heated  for  ij-  to  5  days  to  l80°C.  At  300°C  dolomite  was  fonned 
after  I5  minutes  and  at  450°C  after  5  minutes.  At  that  temperature  some  decom- 
position of  dolomite  took  place  as  Indicated  by  the  slow  appearance  of  calcium 
carbonate  and  magnesium  oxide  patterns  (von  Brand  and  Nylen  (WIDR) ) . 

k .  Calcium  and  phosphate  uptake  into  mitochondrial  fractions .  In 
relation  to  the  findings  on  calcareous  coorpuscles,  a  preliminary  study  of 
cation  and  phosphate  uptake  into  mitochondrial  fractions  of  T.  taeniaeformis 
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was  initiated.  Sirfficient  amounts  of  Ca^5  and  phosphate  were  accumulated  by 
the  organelles  to  form  insoluble  precipitates  .  Uptake  of  Ca^5  occurred 
readily  in  the  presence  of  glycerol-1-phosphate,  the  substrate  that  is  most 
rapidly  oxidized  by  these  preparations.  However,  it  is  not  the  oxidation  of 
this  substrate  that  supported  Ca  uptake,  but  its  hydrolysis.  Exogenous 
inorganic  phosphate  could  not  substitute  for  the  organic  phosphate  ester. 
Neither  could  ATP  support  the  ion  accumulation,  although  it  is  hydrolyzed 
more  readily  than  is  glycerol-1-phosphate .  These  preliminary  results  indicate 
a  hitherto  unknown  aspect  of  mitochondrial  compartmentation,  not  found  with 
mammalian  mitochondria  (Weinbach) . 

5.  Mitochondrial  (mammalian)  sites  of  interaction  with  uncouplers . 
Continuing  studies  on  the  mechanism  of  action  of  uncoupling  reagents,  parti- 
cularly in  regard  to  mitochondrial  sites  of  interaction,  rat  liver  mito- 
chondria have  now  been  separated  into  outer  and  inner  membrane  fractions. 
Biochemical  and  morphological  criteria  have  shown  that  a  substantial  degree 
of  separation  has  been  achieved,  although  some  uncertainty  remains.  When 
intact  mitochondria  were  reacted  with  C-^-^-labeled  pentachlorophenol,  fol- 
lowed by  lysis  of  the  organelles  and  subsequent  separation  of  the  membranes, 
approximately  55^  of  the  uncoupling  reagent  was  foiond  associated  with  the 
outer  membrane  fraction  and  U5^  with  the  inner.   In  contrast  to  the  findings 
with  intact  mitochondria,  added  Mg  ion  greatly  enhanced  the  binding  of  penta- 
chlorophenol to  the  lysed  mitochondria  and  to  the  membrane  fractions,  sug- 
gesting a  ligand  role  for  this  metal.  These  findings  are  significant  in  view 
of  current  theories  regarding  compartmentation  of  the  mitochondrion  and  the 
localization  of  the  enzymes  associated  with  energy  conservation.  They  ob- 
viously also  have  a  bearing  on  the  action  of  sodium  pentachlorophenate  as  a 
mollusc icide  (Weinbach) . 

ULTRASTRUCTURAi  STUDIES      1.  Egg.  The  taeniid  egg  is  well  known  for  its 
ON  TAPEWORMS  resistance  to  ovicidal  agents.  Electron 

microscope  studies  disclosed  that  its  shell 
is  composed  of  keratin  blocks  that  are  held  together  by  a  cement  substance . 
Mitochondria  are  found  in  the  interstices  of  the  blocks  suggesting  their 
involvement  in  the  formation  of  the  blocks  or  the  cement  substance  .  The 
oncospheral  membrane,  present  in  all  cestode  eggs,  was  found  to  be  formed  by 
the  same  cell  that  produces  the  blocks .  The  hatched  egg  is  thought  to  pene- 
trate the  intestinal  mucosa  by  means  of  its  six  hooks  and  a  lytic  secretion 
derived  from  penetration  glands.  The  hooks  were  found  to  develop  intra- 
cellularly  and  the  mat\are  hook  is  enclosed  within  a  tripartite  cytoplasmic 
structiore .  Unusual  intracristal  granules  were  seen  in  mitochondria  of  hook- 
forming  cells .  The  penetration  granules  appear  to  liquefy  and  form  a  secre- 
tion that  is  extruded  from  the  oncosphere  after  hatching  (Nieland) . 

2 .  Larva.  The  hatched  oncosphere  reaches  the  liver  of  the  host  and 
continues  development  within  a  structure  referred  to  as  a  bladder.  This 
vesicle  subsequently  becomes  a  terminal  appendage  and  diminishes  in  size  with 
firrther  growth  of  the  worm.  Analysis  of  the  carbohydrate  content  of  the 
bladder  fluid  showed  glucose  to  be  the  only  constituent.   In  addition,  the 
glucose  content  of  the  bladder  was  found  to  be  higher  than  the  plasma  glucose 
of  the  host,  implying  either  that  the  bladder  wall  is  capable  of  concentrating 
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glucose  or  "trapping"  a  high  glucose  concentration  when  the  plasma  glucose 
is  elevated  after  a  meal.  Further  electron  microscopic  study  of  the  bladder 
•wall  revealed  a  highly  ramified  duct  system.  It  is  suggested  that  these 
ducts^  which  are  "believed  to  constitute  an  excretory  system^  might  also 
serve  to  transport  nutrients  from  the  "bladder  to  the  growing  stro"bila 
(Nieland  and  Weinbach) . 

TAPEWORM  MORPHOGENESIS      O"bservations  of  an  unusual  form  of  morphogenesis 

have  been  made  on  the  tetrathyridia  (larval  stage) 
of  Mesocestoides  corti.  The  tetrathyridia  in  designated  numbers  were  fed 
orally  to  dogs  and  skunks .  When  specimens  of  both  host  species  were  autopsied 
after  different  intervals,  varying  from  2  to  l4  weeks,  usually  a  much  larger 
number  of  mature  and  immature  Mesocestoides  were  recovered  from  the  intestines 
than  had  been  administered.   It  is  probable  that  asexual  multiplication  had 
occ\rrred  inside  the  intestine,  a  rather  unusual  process  for  a  cestode.  The 
finding  of  tapeworms  with  split  scolex  or  bud-like  outgrowth  on  a  proglottid 
show  two  ways  in  which  multiplication  may  have  occurred.  An  additional  possi- 
bility is  that  tetrathyridia  completed  in  the  intestine,  asexual  reproduction 
begun  in  the  body  cavity  of  mice.  Another  significant  finding  was  that  imma- 
ture stages  of  the  worms  taken  from  the  dog  intestine  after  9  weeks  and  intro- 
duced into  the  peritoneal  cavity  of  mice,  were  still  capable  of  establishing 
themselves  in  this  habitat  and  multiplying  there.  Strobilate  stages  handled 
in  the  same  way  died  after  the  transfer.  Further  infonnation  bearing  on  the 
question  of  multiplication  is  expected  from  the  morphological  studies  done 
by  the  collaborating  investigator.  Dr.  Voge  (Eckert,  von  Brand). 

IN  "VITRO  CULTURE  "Various  nutritional  and  physical  factors  affecting 

OF  PARASITIC  HELMINTHS      the  growth  and  differentiation  of  helminths  in 

vitro  and  in  vivo  have  been  studied . 

1.  Effect  of  temperature  shock  on  nematode  development .  The  pre- 
viously reported  problem  of  failure  to  obtain  normal  embryonation  of  eggs 
deposited  in  vitro  by  the  axenically-reared  parasitic  nematode,  Mematospiroides 
dubius,  has  now  been  found  to  be  due  to  temperatinre  shock.  Eggs  deposited  in 
culture  at  37°C  and  so  maintained  for  2k   hours  (daily  culture  harvest)  invari- 
ably died  in  early  cleavage  (possibly  from  induced  polyploidy) .  However,  eggs 
transferred  to  25°C  soon  after  being  passed,  embryonated  normally  and  hatched. 
As  little  as  4  to  8  hours'  exposure  of  eggs  to  3T°C  prior  to  their  incubation 
at  25°C  caused  the  rate  of  hatching  to  decrease,  and  no  hatching  occurred 
after  l6  to  20  hoiirs '  exposure .  Substitution  of  nitrogen  for  air  during  the 
8-hour  incubation  at  3T°C,  did  not  modify  or  reduce  the  injurious  temperature 
effect.  Eggs  in  early  cleavage  were  less  affected  by  exposure  to  3T°C  than 
those  in  later  stages  of  embryonation.  These  in  vitro  results  coupled  with 
other  data  imply  a  correlation  between  gut  emptying  time  of  the  host  and  sen- 
sitivity of  the  eggs  of  trichostrongylid  parasites  to  heat  injury  (Yasuraoka 
(NIH,  Tokyo)  and  Weinstein) . 

Extending  these  temperatiore  relations  to  the  free-living  larval  stages, 
it  was  found  that  in  most  instances  at  3T°C,  larvae  died  in  early  growth,  after 
developing  abnormally  heavy  lipid  accumulations;  growth  at  25°C,  however,  was 
normal.  Preliminary  studies  indicate  that  nutritional  stresses  develop  at  the 
higher  temperatirre  (Weinstein)  . 
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2.  Vitamin  Bi  p  in  heljilnths :   The  growing  anterior  portion  of  the 
sparganum  (larva)  of  the  tapevorm,  Spirometra  mansonoides,  contained  a  5-fold 
higher  amount  (2.1  mg  per  100  gm  dry  wt . )  of  vitamin  B12  than  did  the  remainder 
of  the  organism  (Weinstein  and  Mueller  (Syracuse  U.))«  Hymenolepis  diminuta 
adiilts,  hovever,  had  a  far  lower  content  of  the  vitamin.  It  appears  from 
these  and  other  data  previously  reported  that,  based  on  the  few  species  so-far 
studied,  pseudophyllidean  tapeworms  may  differ  markedly  from  cyclophyllidean 
tapeworms  with  regard  to  vitamin  B2_2  content,  the  former  having  considerably 
higher  amounts  than  the  latter. 

3.  In  vitro  culture  of  Dlrofilaria  iimnitis.  culture  studies  with  the 
Malpighian  tubules  of  conventional  mosquitoes  infected  with  D.  immitis  were 
temporarily  halted  because  of  problems  of  microbial  contamination  that  were 
difficult  to  control  with  antibiotics.  To  nullify  this,  various  media  were 
tested  for  rearing  axenic  Aedes  aegypti  adults  to  be  used  for  sterile  feeding 
on  blood  containing  microfilariae,  in  order  to  initiate  these  Malpighian 
tubule  organ  culture  studies  in  the  absence  of  microorganisms .  Preliminary 
data  indicate  that  the  axenic  mosquitoes  obtained  will  feed,  and  that  the 
ingested  microfilariae  will  penetrate  their  tubiile  cells  (Weinstein) . 
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Project  Description 

This  project  furnishes  supervisory  and  administrative  services  to  all 
research  projects  in  the  Laboratory,  as  follows: 

Over-all  evaluation  of  research  plans  and  initiation  of  field  projects; 
integration  of  laboratory  research  acti-vities  with  field  programs  and  with 
clinical  studies;  editing  scientific  and  technical  reports  and  manuscripts; 
preparation  of  reports,  budget  estimates,  and  exhibits;  arranging  staff 
meetings  for  intra-Laboratory  comm-unication;  supervision  over  personnel, 
travel,  correspondence;  and  maintenance,  requisitioning  and  supervision  of 
equipment  and  supplies;  maintenance  of  library  etc.;  and  consultatory  services 
to  individuals,  academic  and  other  organizations,  and  liaison  activities  with 
other  branches  of  the  Service  and  the  Federal  Government. 

Research  projects  are  reviewed  and,  in  consultation  with  Section  heads, 
changes  in  program  are  considered  and  initiated.   Emphasis  is  placed  on 
fundamental  aspects  of  medical  parasitology.  Extensions  of  projects  into 
fields  of  clinical  or  practical  preventive  medicine  are  attempted  when 
laboratory  work  has  established  an  adequate  basis  for  such  work. 
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prepare  histopathologic  sections  of  WIAID  materials. 
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Project  Description: 

Objectives: 

To  study  prospective  agents  for  biological  control  of  intermediate 
hosts  of  the  schistosomes .  To  study  the  biology  of  the  snails  vith  the  aim 
of  improving  the  efficiency  of  control  measures.  To  study  molluscan  genetics 
with  particular  attention  to  applications  to  control  measures.  To  study  the 
contributions  and  complications  of  molluscan  diseases  and  molluscan  genetics 
in  biomedical  research. 

Methods  Employed: 

Selection  and  crossing  experiments  are  conducted  to  find  additional 
genetic  markers^  to  increase  knowledge  of  mechanisms  of  molluscan  genetics, 
and  to  investigate  further  the  genetic  aspects  of  molluscan  susceptibility 
to  infection  and  to  molluscicides . 

Parasites  of  mollusks  are  studied  to  determine:   their  identity, 
molluscan  host  range,  mode  of  transmission,  localization  and  pathology  of 
infection,  and  interrelations  vith  schistosome  infections. 
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Experiments  are  designed  and  observations  made  to  relate  morphology 
and  histology  and  habits  of  snails  to  sixrvival  dioring  adverse  periods  such 
as  drought  or  to  molluscicides,  to  study  effects  of  snail  diseases  on  esti- 
vation, and  to  study  relation  of  estivation  to  genetics. 

Major  Findings; 

Studies  on  host-parasite  relations  between  different  geographic 
strains  of  B.  glabrata  and  S.  mansoni,  and  genetic  aspects  of  susceptibility 
to  infection  were  begun.  The  laboratory  strain  of  B.  glabrata,  highly 
susceptible  to  Puerto  Rican  S.  mansoni  also  proved  susceptible  to  strains  of 
S.  mansoni  from  Belo  Horizonte  and  Bahia,  Brazil;  but  insusceptible  to  strains 
from  St.  Lucia  and  Mwanza,  Tanzania.  The  "resistant"  strain  of  B.  glabrata 
under  study  proved  insusceptible  to  all  five  strains  of  S.  mansoni.  Belo 
Horizonte  and  St.  Lucia  snails  were  susceptible  to  all  but  the  Mwanza  S. 
mansoni,  and  a  recent  field  strain  of  B.  glabrata  from  Puerto  Rico  was 
susceptible  to  all  five  strains.  Test  groups  of  the  laboratory  strain  of  B. 
glabrata,  commonly  show  infections  of  90-95/°  when  exposed  to  Puerto  Rican 
S.  mansoni .  When  the  5^  insusceptible  snails  from  such  tests  were  reared  in 
isolation  and  selfed,  their  offspring  showed  the  same  susceptibility  frequency 
(95^) J  suggesting  the  snails  had  the  same  genetic  makeup,  and  that  some  factor 
such  as  incomplete  penetrance  was  responsible  for  the  occasional  insusceptible 
snail.  Among  descendants  of  a  cross  between  a  susceptible  laboratory  strain 
snail  and  a  snail  of  the  resistant  strain,  mixed  susceptible  and  resistant 
progeny  were  derived  from  both  susceptible  and  resistant  snails.  Indicating 
that  neither  character  is  dominant.  Descendants  of  this  cross  showed  a  marked 
age  effect,  all  of  the  snails  so  far  tested  as  adults  being  insusceptible. 
Resi.stant  strains  with  albino  and  with  blackeye  pigment  were  derived  from  the 
cross,  for  use  as  marked  strains  for  experimental  crosses  with  other  geographic 
strains . 

Formation  of  a  spire  was  observed  to  be  inherited  and  transmitted  in 
cross-fertilization.  Like  the  median  head  sack  character,  spire  formation  is 
associated  with  a  sublethal  effect,  about  70^  of  the  embryos  dying.  An  abnormal 
tissue  growth  occirrring  in  the  pulmonary  cavity  of  B.  glabrata  was  found  to 
be  an  inherited  character  and  genetically  transmitted  in  cross-fertilization. 
A  deficiency  of  red  pigment,  presumably  hemaglobin,  in  the  hemolymph  was 
found  to  be  an  inherited  character. 

Amebae  infecting  Bulinus  and  Biomphalaria  were  described  as  two  new 
species  of  Hartmannella,  H.  biparia  and  H.  quadriparia . 

Flagellates  (Cryptobia)  occurring  in  the  seminal  receptacles  of  three 
planorbid  snail  species  were  found  to  have  intracellular  developmental  stages 
in  the  host  tissues.   The  infections  involve  two  undescribed  species  of 
Cryptobia. 

Spirochete-like  organisms,  probably  Cristispira,  were  found  in  the 
gastric  caeciom  of  two  species  of  planorbid  snails .  Encapsulation,  and  pene- 
tration of  host  tissues  by  these  spirochete-like  organisms  was  observed. 
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A  nematode  was  found  inhabiting  the  hemocele  of  the  planorbid  Gyraulus 
from  Taiwan.  B.  glabrata  associated  with  the  G-yraulus  in  aquaria  hecame 
infected . 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

There  is  urgent  need  for  evaluation  of  the  role  of  genetics  in  snail 
control  and  as  a  variable  in  experimental  research.  B.  glabrata  is  an  excel- 
lent model  for  studies  to  gain  general  knowledge  of  molluscan  genetics.  The 
potential  for  hennaphroditic  estivating  snails  to  initiate  snail  populations 
with  diverse  characters  through  mutations  and  genetic  drift  needs  assessment . 
Additional  morphological  genetic  markers  are  needed  to  aid  in  studies  on 
physiological  characters . 

The  strain  of  B.  glabrata  so  far  insusceptible  to  all  strains  of  S_. 
mansoni  tested  may  have  use  in  biological  control  of  schistosomiasis  to 
dilute  or  replace  populations  of  susceptible  B.  glabrata  in  endemic  areas. 
Selection  in  the  descendants  of  the  cross  between  resistant  and  susceptible 
snails  has  provided  albino  and  blackeye  "resistant"  strains  for  use  in  further 
genetic  crossing  experiments^  and  marked  resistant  strains  for  field  testing. 
Preliminary  observations  on  age  resistance  emphasize  the  significance  of  this 
factor  in  the  planning  and  evaluation  of  laboratory  experiments  and  field 
surveys  involving  susceptibility  and  parasite  prevalence  in  intennediate  host 
snails . 

Reports  of  meningoencephalitis  in  man  caused  by  Hartmannellid  amebae 
suggest  the  importance  of  continued  study  of  the  Hartmannellid  amebae  infec- 
ting snails.  Snail  diseases  (protozoan,  bacterial,  and  possibly  viral)  need 
to  be  examined  for  potential  use  as  agents  in  biological  control.  The  effects 
of  these  infections  on  their  snail  hosts  and  on  schistosome  infections  need 
to  be  studied.   It  is  essential  to  be  aware  of  the  occurrence  of  these 
infections  and  their  relations  with  the  snails  and  other  parasites  in  order 
to  plan,  conduct,  and  interpret  experimental  research  on  snails  with  validity. 

Proposed  Course  of  the  Project: 

Genetic  studies  on  B.  glabrata  and  other  intermediate  hosts  of  schis- 
tosomes will  be  continued  in  search  of  morphological  mutations  of  value  as 
markers;   and  on  the  inheritance  of  susceptibility  (or  resistance)  to  schis- 
tosomes or  to  molluscicides,  sublethal  characters,  and  physiological  characters 
such  as  hemoglobin  deficiency.  Components  in  normal  hemolymph  and  in  hemolymph 
of  snails  showing  inherited  deficiencies  will  be  compared  by  electrophoretic 
or  other  methods  in  collaboration  with  Dr.  Theodore  Theodore.  Host-parasite 
relations  between  B.  glabrata  and  S.  mansoni  will  be  studied  as  to  differ- 
ences in  susceptibility  or  resistance;  by  age,  by  geographic  strains,  and  by 
crossing  between  strains. 

The  relation  of  estivation  of  B.  glabrata  to  histological  and  physio- 
logical changes,  to  various  snail  infections,  and  to  establishment  of  genetic 
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changes  vill  "be  studied. 

Studies  on  parasites  of  mollusks  will  be  continued.  Snails  in  labora- 
tory colonies  and  field  collections  vill  be  examined  for  evidence  of  pathology; 
dissections  will  be  made  to  determine  etiological  agents.  Specimens  will  be 
preserved  and  sectioned  to  study  host-parasite  relations  and  histopathology. 
Histopathology  of  abnormal  growths  of  undetermined  cause  will  be  studied. 
Parasites  (particularly  amebae  and  bacteria)  will  be  cultured  and  studied. 
Hartmannella  amebae  infecting  snails  will  be  cultured  and  effects  of  exposures 
of  mice  by  nasal  instillation  and  other  routes  studied. 

Honors  and  Awards : 

Participation  in  Symposium  on  Parasitic  Diseases^  U.  S.  -  Japan  Cooperative 
Medical  Science  Program^  Palo  Alto,  California,  July  26-28,  19^7  • 

Publications: 

Richards,  C.  S.  Estivation  of  Biomphalaria  glabrata  (Basommatophora: 
Planorbidae) .  Am.  J.  Trop.  Med.  &  Hyg.,  16:  797-^02,  I967. 

Richards,  C.  S.:   Biomphalaria  glabrata  genetics:   tentacle  and  eye  variations. 
Malacologia   (in  press). 
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Other  Investigators:   Dr.  P.  C.  Fan  (Taiwan),  and  Dr.  Loren  Anderson  (Tulane 
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Walter  Reed  Army  Institute  of  Research;  Department  of 
Pathology,  Peter  Bent  Brigham  Hospital,  Boston,  Mass.; 
Parasitology  Service,  Faculty  of  Medicine,  University  of 
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Man  Years 


NIAID 

Other  WIH 
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Lab.  Staff 

Personnel 
Assigned  to 
Project 

Workers 

TOTAL 


2  3/12 


1  3/12    3  6/12 


Total:  3  6/12 
Professional:  2  3/l2 
Other:         1  3/12 

Project  Description: 

Objectives : 

The  interactions  between  various  mammalian  hosts  and  schistosomes  of 
medical  importance  are  studied,  with  particular  reference  to  the  dynamics  of 
egg  production  by  the  parasite  and  the  excretion  or  destruction  of  eggs  by 
the  host.  The  pathologic  lesions  in  various  hosts  are  studied  in  relation 
to  the  above  variables  and  to  physiologic  changes,  such  as  the  development 
of  portal  hypertension  and  collateral  circulation.  The  influence  of  host 
immunity  and  hypersensitivity  on  tissue  reactions  and  the  ability  of  the  host 
to  dispose  of  eggs  are  studied.  The  effects  of  the  host  reaction  on  the  para- 
site, in  vivo  and  in  vitro,  are  also  examined. 
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Methods  Employed: 

Small  laboratory  rodents  infected  with  Sj_  mansoni  are  sacrified  serial- 
ly 5  weeks  to  2  years  after  infection.  The  rates  of  egg  production,  egg 
excretion  into  the  feces  and  egg  destruction  are  determined  at  various  inter- 
vals after  infection.   Strictly  quantitative  techniques  are  used  for  counting 
of  eggs  in  tissues  and  feces.  At  the  time  of  sacrifice,  the  portal  pressure 
is  measured  and  gross  and  histopathologic  observations  are  made.  Heavy 
infections  of  5  to  kO   weeks'  duration  are  being  similarly  studied  in  rhesus 
monkeys.  The  effect  of  the  host  reaction  (pres\imably  a  specific  immune 
reaction  in  rhesus  monkeys)  on  egg  production  and  on  the  distribution  and 
size  of  worms  is  studied  in  vivo,  and  the  effect  of  immune  serum  on  worms 
in  vitro  is  also  examined.  Five  strains  of  Sj_  mansoni  from  Africa,  South 
America  and  Puerto  Rico  are  maintained  for  compara^tive  studies.   Sj_  haematobium 
infections  are  being  studied  in  golden  hamsters  and  Chinese  hamsters.   In 
collaborative  studies,  Sj_  haematobium  and  Sj_  mansoni  infections  of  6  to  U8 
months'  d\iration  are  being  studied  in  chimpanzees  and  other  subhuman  primates. 
In  another  collaborative  study,  the  histopathology  produced  by  three  species 
of  Paragonimus  is  being  examined  in  cats  and  rats. 

Major  Findings; 

A  meaningful  basis  for  the  quantitative  comparison  of  S_^  mansoni 
infections  in  man  and  experimental  animals  has  been  developed.   The  numbers 
of  eggs  in  the  tissues  (in  proportion  to  worm  numbers)  is  roughly  comparable, 
but  the  egg  concentration  in  the  tissues  of  experimental  hosts  is  much  greater 
than  in  man  because  the  intensity  of  infection  used  for  experimental  studies 
is  generally  much  higher  than  exists  in  infected  persons.   (Cheever) 

It  has  long  been  recognized  that  rhesus  monkeys  develop  immunity  to 
S .  mansoni .  During  the  period  of  developing  immunity,  we  have  found  that 
egg  production  is  suppressed,  and  that  the  worms  decrease  in  size  and  shift 
from  colonic  venules  to  those  of  the  small  intestine.   Splenectomy  retards 
or  prevents  the  destruction  of  worms  in  monkeys  imm\me  to  new  challenge,  but 
does  not  prevent  the  inhibition  of  egg  laying.   (Powers  &  Cheever)  In  mice, 
there  is  no  change  in  egg  production  or  in  worm  position  in  prolonged  infec- 
tions.  (Cheever)  In  both  host  species,  egg  passage  into  the  feces  appears 
to  be  a  reliable  indicator  of  the  rate  of  egg  production. 

Quantitative  studies  of  different  geographic  strains  of  Sj_  mansoni 
in  mice  and  rhesus  monkeys  have  revealed  statistically  significant  dif- 
ferences between  the  various  strains,  but  to  date  the  most  remarkable  find- 
ing is  the  degree  of  similarity  between  the  strains  studied.   (Anderson, 
Cheever,  and  Powers) 

Comparison  of  dilution  and  filtration  techniques  for  counting  of  S. 
mansoni  eggs  in  the  stools  has  shown  that  significant  numbers  of  eggs  are 
missed  with  the  filtration  technique,  although  it  can  still  be  highly  rec- 
ommended for  its  consistency  and  sensitivity.   (Cheever) 
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The  chimpanzee  has  proved  to  be  an  unusually  interesting  host  for 
hoth  Sj_  mansoni  and  S_^  haematobium  infections.   It  is  the  first  animal  in 
which  £^  mansoni  has  been  demonstrated  to  produce  an  unequivocal  pipestem 
fibrosis  of  the  liver  resembling  that  in  man.   Sj_  haematobium-infected 
chimpanzees  have  been  followed  for  only  5  months,  but  marked  lesions  of  the 
ureters  and  bladder  have  been  observed,  and  the  distribution  of  worms  and 
eggs  appear  similar  to  those  in  man,  an  important  feature  lacking  in  nearly 
all  host  species  previously  studied.   (WRAIR,  PBBH,  Cheever) 

The  emergence  of  Sj_  mansoni  cercaria  from  B^  glabrata  was  provoked 
by  various  selected  wavelengths  of  visible  light,  and  by  infrared  light  as 
well.   (Fan) 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

Schistosomiasis  offers  unusual  opportunities  for  the  study  of  quanti- 
tative factors  in  a  chronic  disease  characterized  by  granulomatous  inflam- 
mation. Most  of  the  symptoms  and  lesions  of  schistosome  infections  are 
caused  by  the  eggs  or  by  host  reaction  to  the  eggs,  yet  little  information 
is  available  concerning  egg  production  by  the  parasite  or  destruction  or 
excretion  of  eggs  by  the  infected  host. 

Studies  in  this  laboratory  have  emphasized  and  partially  delineated 
the  dynamic  nature  of  the  host-parasite  relation,  and  the  difference  in  the 
host-parasite  equilibrium  in  different  hosts.  The  changes  in  egg  production 
by  worms,  in  worm  position  and  in  worm  size  in  the  rhesus  monkey  are  of 
particular  interest,  since  they  are  similar  to  changes  found  in  human  subjects 
with  Symmers '  clay  pipestem  fibrosis  of  the  liver.   Since  the  changes  occur 
during  a  period  of  developing  immunity  in  the  monkey,  it  is  possible  that 
these  changes  in  human  subjects  with  Symmers'  fibrosis  indicate  immunological 
differences  between  them  and  other  infected  subjects. 

Quantitative  comparison  Sj_  mansoni  infections  in  man  and  experimental 
animals  indicated  that  infections  of  low  intensity,  by  present  standards, 
may  be  appropriate  for  many  experimental  uses.   The  comparative  data  also 
emphasized  the  need  for  caution  in  extrapolating  from  the  results  of  animal 
experiments  to  the  human  situation. 

The  studies  of  the  various  geographic  strains  of  Sj_  mansoni  are  in- 
complete, but  it  is  clear  that  in  addition  to  their  relevance  to  the  problems 
of  geographic  pathology  of  schistosomiasis,  they  will  be  useful  in  comparing 
experimental  results  obtained  in  this  laboratory  with  those  of  laboratories 
using  different  strains  of  the  parasite . 

The  chimpanzee  will  be  useful  as  an  experimental  model  for  study  of 
the  pathogenesis  of  schistosome  infections.   Chimpanzees  with  Symmers'  clay 
pipestem  fibrosis  of  the  liver  may  also  prove  useful  in  separating  the  effects 
of  immunity,  seen  in  the  rhesus  monkey,  from  the  cause  of  Symmers'  fibrosis 
of  the  liver . 
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Proposed  Course  of  the  Pro.'iect; 

The  effects  thought  to  be  related  to  immunity  in  the  rhesus  monkey 
will  "be  studied  in  vitro  through  study  of  the  growth  and  development  of 
immature  worms  in  normal  and  immune  monkey  serum.  Cercopithecas  monkeys 
are  a  much  better  host  for  studies  of  prolonged  infections,  and  if  possible, 
infection  in  this  species  will  be  compared  to  that  in  rhesus  monkeys,  with 
emphasis  on  the  dynamics  of  egg  production,  egg  excretion,  and  host  response 
to  prolonged  infections. 

The  pathogenesis  of  portal  hypertension  in  mice  with  prolonged  infec- 
tions appears  to  differ  from  both  that  in  mice  with  short  term  infections 
and  that  in  man,  and  study  of  this  problem  will  continue. 

The  causes  of  the  differences  in  the  pattern  of  egg  destruction  in 
mice  under  various  experimental  conditions  will  be  pursued. 

In  the  chimpanzee,  emphasis  will  be  upon  more  prolonged  infections 
with  Sj|_  haematobium,  and  with  Sj_  mansoni  upon  definition  of  the  conditions 
causing  Symmers'  fibrosis  of  the  liver. 

Honors  and  Awards: 

Dr.  Cheever  was  asked  to  serve  as  organizer  for  the  Subsection  on  Pathologic 
Aspects  of  Schistosomiasis  at  the  Eighth  International  Congresses  on  Tropical 
Medicine  and  Malaria,  and  to  lecture  on  the  Pathology  of  Schistosomiasis  for 
the  AFIP  course  in  Geographic  Pathology  of  Infectious  Diseases. 

Publications; 

Cheever,  A.  ¥.,  A  quantitative  post-mortem  study  of  schistosomiasis  mansoni 
in  man.  Am.  J.  Trop.  Med.  Hyg.  1?:  38-6I4,  January 
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Other  Investigators:   Anastasia  Stanley 
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Total : 

1  6/12 

Professional: 

9/12 

Other : 

9/12 

1  6/12  1  6/12 


Project  Description: 

Objectives: 

To  study  serologic  changes  in  experimental  infections  with  several 
filarilds  throughout  the  course  of  infection  by  various  technics  with  anti- 
gens derived  from  different  stages  in  the  life  cycle  of  homologous  or  heterol- 
ogous f ilariids  as  well  as  other  nematodes . 

Methods  Employed: 

The  principal  test  used  to  date  has  been  indirect  tanned  cell  hemag- 
glutination with  extracts  of  adult  male  and  female  Dirof ilaria  immitis  as 
well  as  chemical  fractions  of  these  extracts.  An  indirect  fluorescent  anti- 
body test  has  been  assessed  with  live  and  dead  infective  larvae  of  Dipetalonema 
witei  and,  more  recently,  preliminary  trials  of  immune  adherence  with  living 
infective  larvae  of  D.  wltei  have  been  done. 

The  sera  used  in  the  above  tests  have  been  from  several  sources: 
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(a)  mongolian  jirds  (Meriones  -unguiculatus )  infected  with  varying  numbers  of 
infective  larvae  of  D.  vitei  or  reinfected  at  preset  intervals  with  the  same 
parasite;  (b)  Pakistani  jirds  (Meriones  hurrianae) ,  golden  hamsters (Mesocricetus 
auratus ) ,  and  Chinese  hamsters  (Cricetulus  griseus)  .  Animals  of  each  of  these 
species  were  injected  once  with  the  same  number  of  infective  larvae  of  D. 
witei;  (c)  dogs  and  cats  infected  with  Brugia  pahangi;  (d)  dogs  experimentally- 
infected  with  D.  immitis  at  Brooks  Air  Force  Base. 

Major  Findings: 

Antibody  was  detected  in  some  jirds  as  early  as  one  week  after  infec- 
tion with  D.  witei.  Maximiim  titers  were  noted  three  weeks  after  infection 
and  these  titers  remained  at  approximately  the  same  level  through  the  tenth 
week  of  the  infection,  after  which  they  decreased  slowly,  but  were  still 
readily  detectable  even  30  weeks  after  infection.  There  were  no  evident 
differences  in  antibody  titer  in  any  of  the  groups  of  jirds  whether  they 
were  injected  with  larvae  at  one  time  or  reinfected  many  times.  In  the 
Pakistani  jirds,  which  were  given  a  single  injection  of  larvae,  the  pattern 
of  antibody  response  was  the  same  as  that  seen  in  the  Mongolian  jirds,  except 
that  the  titers  were  lower.  The  antibody  response  in  golden  hamsters  was 
prompt  and  with  high  titers  that  persisted  through  the  observation  period  of 
20  weeks .  In  Chinese  hamsters  antibody  response  to  this  infection  was  poor, 
titers  were  low  early  in  the  infection  and  remained  low  throughout  the  period 
of  observation. 

Changes  in  antibody  titer  with  respect  to  time  have  not  been  followed 
in  as  organized  manner  in  animals  infected  with  Brugia  pahangi ,  however,  it 
seems  clear  that  high  titers  persist  both  in  dogs  and  cats  well  over  one  year 
after  infection. 

In  dogs  experimentally  infected  with  Dirofilaria  immitis  at  Brooks  Air 
Force  Base  in  San  Antonio,  Tex.,  antibody  titers  were  detected  in  two  out  of 
five  dogs  as  early  as  one  week  after  injection  of  larvae,  but  not  until  6 
weeks  after  infection  were  antibodies  detectable  in  all  of  the  unmedicated 
dogs  by  the  technics  used  -  IHA  with  an  extract  of  adult  male  and  female  D. 
immitis  as  well  as  an  acid-soluble  and  an  acid- insoluble  fraction  of  the 
first  extract.  Antibody  titers  in  dogs  treated  with  diethylcarbamazine  have, 
except  in  one  dog,  been  low  or  undetectable  throughout  the  period  of  observa- 
tion. Antibody  titers  have  not  been  detected  at  any  time  in  dogs  with  patent 
Dirofilaria  immitis  infections,  although  these  dogs  were  reinfected  during  the 
course  of  this  study.  Continued  study  of  sera  from  this  group  of  dogs  will 
use  other  test  systems  such  as  fluorescent  antibody  and  dermal  reactivity. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

Unequivocal  diagnosis  of  infections  with  filarial  worms  depends  on  the 
demonstration  of  microfilariae  in  blood  or  tissues  of  a  host.  Yet  it  is  well 
established  that  in  many  people  with  disease  that  has  been  associated  with 
these  helminths,  microfilariae  cannot  be  demonstrated.  Thus,  indirect  evi- 
dence of  infection,  such  as  may  be  provided  by  serological  tests,  must  be 
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sought.  The  present  studies  are  directed  toward  obtaining  information  on 
changes  in  antibody  with  respect  to  time,  superinfection  of  a  host,  absence 
of  adult  vorms,  absence  of  microfilariae  and  other  variations  in  host-parasite 
relationships .  Sera  from  hosts  experimentally  infected  with  various  species 
of  f ilariae  have  been  collected  at  short  preset  intervals  and  have  been  tested 
by  standard  techniques  with  various  extracts  of  adult  worms.   In  addition 
tests  that  utilize  living  stages  of  the  parasites  are  in  the  process  of  eval- 
uation. 

With  the  jird  infected  with  Dipetalonema  wltei,  the  dog  infected  with 
Dirof ilaria  immitis  or  Erugia  pahangi  and  the  cat  infected  with  Brugia  pahangi, 
there  is  opportunity  to  study  in  detail  the  serologic  response  of  normal  and 
abnormal  hosts  of  various  filariids,  in  conditions  such  as  those  described 
above.  From  these  experimental  models  it  is  hoped  that  greater  insight  can 
be  obtained  into  serologic  responses  that  are  noted  in  man. 

Proposed  Course  of  the  Project: 

The  indirect  hemagglutination  test  with  various  extracts  of  filariae 
will  continue  to  be  used  as  a  guideline  to  the  response  in  animals  infected 
with  filariae.  However,  greater  emphasis  will  be  placed  on  the  evaluation  of 
test  systems  such  as  Immune  adherence  and  fluorescent  antibody  that  utilize 
entire  living  or  dead  microfilariae  or  infective  larvae .  It  is  hoped  that 
greater  specificity  can  be  achieved  with  these  antigens. 

Honors  and  Awards:   None 

Puldications:   None 
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Professional:  9/12 
Other:         2 

Project  Description: 

Objectives : 

To  develop  methods  and  media  suitable  for  the  in  vitro  growth  of  para- 
sitic helminths  throughout  their  life  cycle;  to  obtain  information  on  their 
specific  physico-chemical  and  nutritional  requirements,  to  obtain  quantitative 
data  on  vitamin  B2_2  concentration  and  function  during  various  stages  of  hel- 
minth development,  and  to  study  cytologic  changes  occurring  during  growth  and 
differentiation . 

Methods  Employed: 

Eggs  of  Nematospiroides  dubius  deposited  in  vitro  or  dissected  from 
the  uterus  of  the  worms  are  subjected  to  heat  shock  (3T°C)  at  a  specific 
period  in  embryogenesis,  and  observations  are  made  on  subsequent  development. 
Free-living  larval  stages  of  trichostrongyle  nematodes  are  reared  axenically 
in  various  media  and  at  different  temperatures,  and  differentiation  is  studied, 
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Vitamin  B-,  p  assays  are  performed  with  Ochromonas  malhamensis. 

Development  of  Dirof ilaria  immitis  is  studied  in  conventionally  and 
axenically  reared  mosquitoes  in  vivo  and  in  vitro. 

Major  Findings: 

1.  Effect  of  temperature  shock  on  nematode  development .  The  pre- 
viously reported  problem  of  failure  to  obtain  normal  embryonation  of  eggs 
deposited  in  vitro  by  the  axenically- reared  parasitic  nematode,  W.  dublus, 
has  now  been  found  to  be  due  to  temperature  shock.  Eggs  deposited  in  culture 
at  37° C  and  so  maintained  for  2k   hoirrs  (daily  culture  harvest)  invariably 
died  in  early  cleavage  (possibly  from  induced  polyploidy) .  However,  eggs 
transferred  to  25°C  soon  after  being  passed,  embryonated  normally  and  hatched. 
As  little  as  4  to  8  hours'  exposure  of  eggs  to  37°C  prior  to  their  incubation 
at  25°C  caused  the  rate  of  hatching  to  decrease,  and  no  hatching  occurred 
after  l6  to  20  hours'  exposure.  Substitution  of  nitrogen  for  air  dioring  the 
8-hoiir  incubation  at  37°C,  did  not  modify  or  reduce  the  injurious  temperature 
effect.  Eggs  in  early  cleavage  were  less  affected  by  exposure  to  37°C  than 
those  in  later  stages  of  embryonation.   These  in  vitro  results  coupled  with 
other  data  imply  a  correlation  between  gut  emptying  time  of  the  host  and  sen- 
sitivity of  the  eggs  of  trichostrongylid  parasites  to  heat  injury  (Yasuraoka 
(NIH,  Tokyo)  and  Weinstein) . 

Extending  these  temperature  relations  to  the  free-living  larval  stages, 
it  was  found  that  in  most  instances  at  37°C,  larvae  died  in  early  growth,  after 
developing  abnomially  heavy  lipid  accumulations;  growth  at  25°C,  however,  was 
normal.  Preliminary  studies  Indicate  that  nutritional  stresses  develop  at  the 
higher  temperature  (Weinstein) . 

2.  Vitamin  E-j  9  in  helminths :   The  growing  anterior  portion  of  the 
sparganum  (larva)  of  the  tapeworm,  Spirometra  mans ono ides,  contained  a  5-fol(i 
higher  amount  (2.1  mg  per  100  gm  dry  wt . )  of  vitamin  B]_2  than  did  the  remainder 
of  the  organism  (Welnstein  and  Mueller  (Syracuse  U.)).  Hymenolepis  diminuta 
adults,  however,  had  a  far  lower  content  of  the  vitamin.   It  appears  from 
these  and  other  data  previously  reported  that,  based  on  the  few  species  so-far 
studied,  pseudophyllidean  tapeworms  may  differ  markedly  from  cyclophyllidean 
tapeworms  with  regard  to  vitamin  B]_2  content,  the  former  having  considerably 
higher  amounts  than  the  latter  (Weinstein) . 

3.  In  vitro  culture  of  D.  immitis.  culture  studies  with  the  Malpighian 
tubules  of  conventional  mosquitoes  infected  with  D.  immitis  were  temporarily 
halted  because  of  problems  of  microbial  contamination  that  were  difficult  to 
control  with  antibiotics.  To  nullify  this,  various  media  were  tested  for 
rearing  axenic  Aedes  aegypti  adults  to  be  used  for  sterile  feeding  on  blood 
containing  microfilariae,  in  order  to  initiate  these  Malpighian  tubule  organ 
culture  studies  in  the  absence  of  microorganisms.  Preliminary  data  indicate 
that  the  axenic  mosquitoes  obtained  will  feed,  and  that  the  ingested  micro- 
filariae will  penetrate  their  tubule  cells  (Weinstein) . 
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Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

The  relation  of  particular  physical  conditions  such  as  temperature,  and 
specific  growth  factors  to  parasite  development  is  fundamental  to  the  under- 
standing of  the  host-parasite  relation.  Such  information  is  also  basic  to 
the  development  of  defined  media  to  support  the  growth  of  parasites  in  vitro. 
The  extraordinarily  high  concentration  of  vitamin  B]_2  in  certain  helminth 
parasites  requires  investigation  not  only  because  of  its  intrinsic  importance 
in  animal  cell  growth,  hut  also  because  of  its  possible  bearing  on  endemic 
disease  in  malnourished  populations. 

Filariid  development  in  the  arthropod  host  is  primarily  intracellular. 
This  association  offers  an  interesting  experimental  tool  to  analyze  parasite- 
host  cell  associations  at  a  much  different  level  than  that  which  obtains  with 
viruses  and  other  microorganisms .  Cultivation  of  this  phase  of  the  filarial 
cycle  will  also  open  approaches  to  large  scale  production  of  infective  larvae 
needed  for  a  variety  of  experimental  studies. 

Proposed  Course  of  the  Project; 

1.  Studies  will  continue  on  the  role  of  various  physico-chemical  and 
nutritional  factors  such  as  heat- shock  and  vitamin  B]_2  on  "the  growth  and 
differentiation  of  parasitic  helminths  in  vitro  and  in  vivo. 

2.  The  cultivation  in  vitro  of  the  "arthropod  stages"  of  filariids 
will  continue  using  axenically-reared  mosquitoes  in  attempts  to  obtain  develop- 
ment to  the  infective  larval  stage . 

Honors  and  Awards; 

Member,  Advisory  Program  Committee  for  the  Second  International 
Congress  of  Parasitologists,  and  Representative  of  the  American  Society 
of  Parasitologists  to  the  Second  International  Congress  of  Parasitologists. 

Member,  Editorial  Board,  Proceedings  of  the  Helminthological  Society 
of  Washington,  and  Assistant  Editor,  Joirrnal  of  Parasitology. 

Member,  Parasitic  Diseases  Panel,  U.S. -Japan  Cooperative  Medical 
Science  Program. 

Invited  to  contribute  article  to  Commemorative  Volume  honoring  the 
Indian  Helminthologist,  Dr.  H.  D.  Srivastava. 

Publications : 

Weinstein,  P.  P.;   Immunologic  aspects  of  parasitic  infections:  Effects  of 
the  immune  response  on  the  parasite.  In;   Immimological  Aspects  of  Parasitic 
Infections .  Scientific  Publication  No.  I50,  Pan  American  Health  Organization, 
Washington,  D.  C.  I967.  pp.  91-99,  I58-I63. 
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¥einstein,  P.  P.:   A  review  of  the  culture  of  filarial  wonns .  H.  D. 
Srivastava   Commemoration  Volume   (in  press). 


31 


Serial  No.  NIAID-122-G 

1.  Parasitic  Diseases 

2.  Parasite  Growth  and 

Differentiation 

3 .  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1967  through  June   30,  1968 

Project  Title:   Studies  on  Entamoeba  histolytica  and  other  parasitic 
protozoa . 

Previous  Serial  Number:  Same 

Principal  Investigator:   Louis  S.  Diamond 

Other  Investigators:   None 

Cooperating  Units:   Laboratory  of  Physical  Biology,  NIAMD 

Man  Years  NIAID       Other  NIH      Guest      Total 

Lah.  Staff   Personnel       Workers 
Assigned  to 
Project 

2  3/12  2  3/12 

Total:  2  3/12 
Professional:  8/l2 
Other:         1  T/12 

Project  Description: 

Objectives: 

To  develop  and  refine  techniques  for  the  axenic  cultivation  of  Enta- 
moeba histolytica  and  other  parasitic  amoebae,  to  define  their  in  vitro 
nutritional  requirements,  to  study  their  physiology  and  mechanisms  of  patho- 
genicity. To  study  the  ultrastructure  of  the  chromatoid  bodies  (rlbonucleo- 
protein  bodies)  of  entamoebae .  To  develop  techniques  and  to  study  mechanisms 
involved  in  the  freeze-preservation  of  parasitic  protozoa  at  cryogenic  temper- 
atures (-100°  C  or  lower) . 

Methods  Employed: 

Microisolation  procedures,  techniques  of  monoxenic  and  axenic  cultures, 
population  density  determinations  using  standard  counting  chambers  and  Coulter 
electronic  counter,  classical  biochemical  fractionation  techniques,  electron 
microscopy.  Utilization  of  slow,  fast  and  ultrarapid  techniques,  including 
use  of  Linde  BF-3  controlled  biological  freezer  and  MVE  vapor  freezer. 
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Major  Findings: 

In  studies  to  determine  the  in  vitro  nutritional  requirements  of  E. 
histolytica  grown  under  axenic  conditions,  it  was  shown  previously  that  in  a 
medium  (TP-S-l)  consisting  of  ox-liver  digest,  semjjii,  glucose,  casein  digest, 
salt,  buffers  and  vitamins  growth  will  not  occiir  in  the  absence  of  any  one 
of  the  first  three  ingredients  named.   It  has  now  been  shown  that  deletion 
of  the  vitamins  reduces,  but  does  not  prevent  growth.  Attempts  to  substitute 
bovine,  human  and  fetal  calf  serum  respectively  have  been  made.  Growth  was 
obtained  only  in  bovine  serum,  but  was  never  equal  to  that  obtained  with 
horse  serum.  Human  and  fetal  calf  senam  appeared  to  be  actually  toxic  to 
the  amoebae . 

Axenic  cultivation  of  E.  moshkovskii,  the  only  free-living  entamoeba 
known,  was  mentioned  last  year.  This  was  accomplished  in  TP-S-l  medium 
(see  above)  containing  1^  horse  serum,  supplemented  with  0.01^  lonagar  #2, 
and  0  .Vjo   gastric  mucin  powder.   It  has  now  been  shown  that  the  amoebae  will 
grow  in  the  absence  of  agar  or  serum,  but  not  in  the  absence  of  gastric  mucin. 
Deletion  of  the  agar  reduces  growth;  the  absence  of  serum  has  little  effect. 
A  boiled  aqueous  extract  of  gastric  mucin  can  be  substituted  for  the  whole 
gastric  mucin. 

Cultivated  trophic  stages  of  Entamoeba  coli  and  Dientamoeba  fragilis 
along  with  their  associated  bacteria  have  been  freeze-preserved  and  stored 
in  liquid  nitrogen  in  the  presence  of  the  cryoprotective  agents  dimethyl 
sulfoxide  and  glucose.  This  apparently  is  the  first  successful  report  of 
freezing  these  organisms.  Attempts  to  freeze-preserve  the  miracidia  of 
Schistosoma  mansoni  and  eggs  of  its  snail  host,  Biomphalaria  glabrata,  have 
not  been  successful. 

Three  dimensional  photographs  of  electron  microscope  sections  of  the 
chromatoid  bodies  of  E.  invadens  are  being  studied  for  evidence  of  polymorphism 
in  the  basic  ribosomal  unit  (Murayama  and  Diamond) . 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

Knowledge  gained  from  studies  to  detennine  the  essential  ingredients 
in  TP-S-l  medium  contribute  to  the  development  of  a  defined  medium  for  E. 
histolytica,  and  to  our  understanding  of  the  nutritional  requirements  of 
this  parasite.   In  turn,  this  is  of  value  in  comprehending  the  relationship 
of  the  parasite  to  its  host.  For  example  in  the  case  of  the  snake  parasite. 
Entamoeba  invadens,  there  is  indirect  evidence  suggesting  that  the  lack  of 
carbohydrate  in  the  host's  diet  is  responsible  for  the  invasiveness  of  the 
parasite.  Studies  of  the  free-living  E.  moshkovskii  should  give  some  insight 
to  the  evolutionary  direction  taken  by~the  pathogen,  E.  histolytica.  Electron- 
microscopic  studies  of  the  ribonucleic  acid-rich  chromatoid  bodies  of  entamoebae 
should  lead  not  only  to  a  better  understanding  of  the  role  played  by  these 
structures  in  entamoebae  but  also  of  similar  structures  in  mammalian  cells. 
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Proposed  Course  of  Project; 

Continued  efforts  will  be  made  to  improve  media  employed  in  axenic 
cultivation  of  E.  histolytica  and  other  amoebae,  to  define  the  media  and 
determine  the  nutritional  requirements  of  these  protozoa  in  vitro,  to  develop 
methods  for  axenic  cultivation  of  other  protozoa  of  man,  to  study  the  ultra- 
structure  of  the  chromatoid  bodies  of  entamoebae,  to  develop  new  and  improve 
existing  techniques  for  freeze-preservation  of  protozoa,  to  study  mechanisms 
involved  in  freeze-preservation  at  cryogenic  temperatures . 

Honors  and  Awards: 

Dr.  Diamond  was  elected  Vice-President  of  the  Society  for  Cryobiology,  and 
Member-at-Large,  Executive  Committee  of  the  American  Microscopical  Society. 

Dr.  Diamond  serves  as  consultant  to  the  American  Type  Culture  Collection  for 
problems  relating  to  the  freeze-preservation  of  protozoa. 

Publications : 

Diamond,  L.  S.   I968.  An  improved  method  for  the  monoxenic  cultivation  of 
Entamoeija  histolytica  Schaudinn,  I903  and  Entamoeba  histolytica-like  amoebae 
with  trypanosomatids .  J.  Parasit.   (in  press) . 

Diamond,  L.  S.  I968.  Techniques  of  axenic  cultivation  of  Entamoeba 
histolytica  Schaudinn,  I903  and  Entamoeba  histolytica-like  amoebae. 
J.  Parasit.   (in  press). 
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1.  Parasitic  Diseases 

2.  Host-Parasite  Relations 

3 .  Bathes da,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1967  through  June  30,  I968 

Project  Title:  Host-parasite  relationships  in  filariasis. 

Previous  Serial  Number:   Same 

Principal  Investigator:  Guillermo  Pacheco 

Other  Investigators :   None 

Cooperating  Units:   Dr.  H.  J.  Schofield,  Vero  Beach,  Florida. 

Dr.  Thomas  C.  Orihel,  Tulane  University,  Delta 
Primate  Center,  Covington,  Louisiana. 

Man  Years  NIAID        Other  NIH      Guest      Total 


NIAID 

Other  NIH 

Guest 

LalD.  Staff 

Personnel 
Assigned  to 
Project 

Workers 

1  9/12  1  9/12 

Total:  1  9/12 
Professional:  9/l2 
Other:        1 

Project  Description: 

Objectives: 

To  study  the  interaction  between  f ilariids  and  their  vertebrate  hosts 
in  order  to  lead  to  a  better  understanding  of  filariasis  in  man. 

Methods  Employed: 

Four  species  of  filariids  and  their  arthropod  vectors  are  maintained 
for  experimental  study.  The  effect  on  both  host  and  parasite  of  superin- 
fection, varying  vorm  burdens  and  corticosteroids  are  studied  longitudinally 
with  D.  witei  in  the  mongolian  jird,  Meriones  unguiculatus .   Observations 
are  made  weekly  on:   Body  weight,  numbers  of  white  cells,  eosinophils  and 
microfilariae,  and  antibody  titers  are  determined.  The  minimal  response  of 
host  and  parasite  are  studied  by  transplanting  single  gravid  D.  witei  into 
jirds.  D.  witei  infections  are  also  studied  in  the  golden  hamster,  the 
Chinese  hamster  and  the  Pakistani  jird. 
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The  relationship  bet-ween  microfilaremia  and  the  total  number  of  micro- 
filariae in  a  host  is  studied  by  exchange  transfusions  in  vhich  at  least  80 
percent  of  the  host  blood  is  removed . 

Factors  concerned  vith  the  clearance  of  microfilariae  from  the  blood 
of  "immime"  hosts  are  studied  in  vitro  using  sera  and  cells  from  immune  and 
non- immune  hosts  and  in  vivo  in  infected  animals  and  in  actively  or  passively 
immunized  animals. 

Human  tissues  received  from  the  NIH  Clinical  Center  and  from  outside 
sources  are  examined  to  identify  helminths  associated  with  tissue  lesions. 

Major  Findings: 

A.  Biology  of  D.  vitei  infections. 

The  prepatent  period  in  animals  infected  vith  D.  witei  varied 
between  7  and  11  weeks  and  neither  the  prepatent  period  nor  the  level  of 
microfilaremia  was  influenced  by  the  numbers  of  infective  larvae,  by  weekly 
reinfection  or  by  host  species  .  Microfilaremia  was  not  seen  in  the  Chinese 
hamster  and  only  one  adult  female  was  recovered  from  this  host  species . 
From  transplantation  experiments,  it  was  clear  that  the  level  of  micro- 
filaremia observed  in  many  animals  could  have  been  established  and  maintained 
by  one  female . 

The  duration  of  microfilaremia  was  strikingly  different  in  the  hosts 
tested.  In  the  Mongolian  jird  it  persisted  for  over  l8  months,  while  in  most 
Pakistani  jirds  it  lasted  only  2  to  3  months,  and  in  most  golden  hamsters 
microfilariae  were  detected  for  only  1  month. 

Moderate  eosinophilia  was  noted  in  all  animals  infected  with  D.  wltei 
two  weeks  after  exposure.  Thereafter,  eosinophilia  decreased  gradually. 
This  host  response  was  greatest  in  the  mongolian  jird,  in  which  it  persisted 
for  2  months  after  patency.   In  Pakistani  jirds  and  golden  hamsters,  no 
eosinophilia  was  noted  after  patency.  Eosinophil  levels  were  not  affected 
by  reinfection. 

Both  species  of  jirds  failed  to  gain  weight  normally  after  infection. 
In  the  mongolian  jird  the  effect  was  related  to  the  number  of  larvae  injected, 
and  with  reinfection  the  effect  was  striking.  In  contrast,  golden  and  Chinese 
hamsters  gained  normally  following  infection. 

Following  the  disappearance  of  microfilaremia  in  the  golden  hamster, 
the  viability  and  fecundity  of  adiolt  female  worms  was  demonstrated  by  trans- 
plantation. The  microfilaremia  of  infected  hamsters  was  not  restored  by 
splenectomy. 

B.  Population  studies  with  microfilariae. 

In  monkeys  infected  with  Dirofilaria  corynodes,  a  periodic  f ilariid, 
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the  microfilariae  circulating  at  the  time  of  peak  microfilaremia  were  found 
to  be  only  a  small  percentage  of  the  total  population  of  microfilariae.  A 
number  of  microfilariae  equal  to  the  estimated  circulating  population  vere 
removed  by  exchange  transfusion  without  significantly  effecting  the  number 
remaining  in  circulation.  Similar  results  were  previously  obtained  with 
microfilariae  of  two  species  in  dogs . 

A  hypothesis  for  the  mechanisms  underlying  the  apparently  homeostatic 
regulation  of  circulating  microfilariae  has  been  developed  from  the  data 
obtained  by  exchange  transfusion  and  injection  of  microfilariae.  It  is 
postulated  that  passage  of  microfilariae  through  the  capillary  beds  of  the 
microcirculation  system  takes  place  rather  slowly,  resulting  in  a  large 
reservoir  of  microfilariae  in  this  system.  As  microfilariae  are  removed  by 
exchange  transfusion,  the  microfilariae  in  the  capillary  bed  continue  to 
reach  the  circulation  at  a  relatively  constant  rate,  thus  maintaining  detect- 
able microfilaremia  at  a  steady  level  in  the  absence  of  truly  homeostatic 
control  mechanisms . 

C.  Infection  of  ticks  with  D.  wltei 

There  is  no  attraction  or  repulsion  of  microfilariae  by  the  feeding 
tick.  There  is  an  upper  limit  on  the  number  of  microfilariae  that  complete 
development  in  the  tick,  and  this  limit  is  only  partly  determined  by  the  death 
of  the  more  heavily  infected  ticks. 

D.  Adherence  of  leukocytes  to  microfilariae. 

Adhesion  is  mediated  by  a  heat- stable,  absorbable  factor  in  serum 
that  is  specific  for  microfilariae  of  the  homologous  species.  Intravenous 
injection  of  rabbits  with  extracts  of  D.  immitis  microfilariae  elicited  a 
response  in  serum  indistinguishable  from  that  in  the  serum  of  "immune"  dogs. 
Microfilariae  injected  into  rabbits  thus  immunized  did  not  circulate. 

E.  Identification  and  description  of  worms  in  human  tissues. 

A  fertile  Dirofilaria  tenuis,  a  filariid  of  racoons,  was  identified 
in  a  subcutaneous  nodule.   This  was  the  second  case  recorded  in  which  full 
development  of  this  nonhuman  parasite  was  observed  in  man. 

A  second  stage  larva  of  Toxocara  canis  was  identified  in  sections  of 
the  eye  enucleated  from  a  five  year  old  girl  at  the  Clinical  Center.  The 
lesion  simulated  a  retinoblastoma  clinically.  Extensive  serological  studies 
done  at  the  NCDC,  University  of  Oklahoma  and  Tulane  University  were  negative. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute; 

Infected  humans  who  have  circulating  microfilariae  commonly  have 
no  overt  disease,  and  in  regions  of  high  endemicity  microfilariae  are 
detectable  in  only  one-third  to  one-half  of  the  population.  Similarly, 
overt  disease  is  observed  only  in  a  small  proportion  of  the  population. 
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Elephantiasis^  for  example,  has  been  attributed  to  a  host  reaction  directed 
against  the  adult  •worms  while  other  forms  of  disease  such  as  tropical  piil- 
monary  eosinophilia  or  splenomegaly  associated  with  high  eosinophilia  are 
believed  to  be  a  host  reaction  directed  against  microfilariae  specifically. 
Because  of  the  high  eosinophilia,  response  to  corticosteroids,  abnormally 
high  globulins  and  high  antibody  titers,  the  reactions  against  microfilariae 
are  believed  to  be  allergic . 

The  present  studies  were  designed  to  investigate  the  host-parasite 
interaction  throughout  the  course  of  infection.  Although  known  hioman  syn- 
dromes are  not  closely  duplicated  by  the  present  experimental  systems,  the 
latter  present  a  whole  spectrum  of  changes  related  to  the  death  of  adult 
worms  and  microfilariae  and  the  associated  reactions  of  the  host.  D.  witei 
infection  in  the  hamster  illustrates  the  importance  of  studying  various  host 
and  parasite  species.   In  the  hamster,  disappearance  of  microfilaremia  was 
not  associated  with  evident  pathology,  and  splenectomy  had  no  effect.  In 
D.  corynodes  infections  in  monkeys,  disappearance  of  microfilaremia  is  asso- 
ciated with  splenomegaly  and  hypereosinophilia,  and  microfilariae  reappeared 
following  splenectomy.  Studies  of  artifically  immunized  hosts  and  in  vitro 
tests  are  directed  toward  more  precise  definition  of  the  factors  involved  in 
the  destruction  of  microfilariae . 

Proposed  Course  of  the  Project: 

The  main  emphasis  in  these  studies  will  be  on  superinfection  and  on 
conditions  that  produce  death  and  destruction  of  microfilariae.  Both  the 
jird  and  the  hamster,  infected  with  D.  wit el,  will  be  used  with  worms  in 
chambers  being  implanted  to  assess  more  accurately  the  effect  of  the  host 
reaction.  Studies  on  elimination  of  microfilaremia  in  D.  corynodes  will  be 
continued  in  collaboration  with  Dr.  T.  C.  Orihel  of  the  Tulane  University, 
Delta  Primate  Center. 

Honors  and  Awards: 

Guillermo  Pacheco  gave  a  course  in  Parasitology  to  the  first  and  second 
year  medical  students  at  the  University  of  Pittsburgh  School  of  Medicine 
on  26  and  27  February,  1968. 

Publications : 

Pacheco,  G.  and  Schofield,  H.  J.,  Jr.  I968.  Dirofilaria  tenuis  containing 
microfilariae  in  man.  Am.  J.  Trop.  Med.  Hyg.  17:   (in  press) . 
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Other  Investigators:   Faith  Churchwell  and  Johannes  Eckert  (Guestworker) 

Cooperating  Units:   Laboratory  of  Histology  and  Pathology,  Dr.  M.  U.  Nylen, 
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Department  of  Medical  Microbiology  and  Immimology,  School 
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Assigned  to 
Project 

1  10/12  9/12        2  t/12 

Total:  2  T/12 
Professional:  2  7/12 
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Project  Description: 

Objectives: 

The  objective  is  to  gain  insight  into  the  chemical  composition  and  the 
metabolism  of  parasites,  intermediate  hosts,  and  parasitized  animals. 

Methods  Employed: 

Substrate  utilization,  production  of  metabolic  endproducts  (succinic, 
lactic,  and  acetic  acid)  and  changes  in  glycogen  stores  are  determined  by 
enzymatic  and  chemical  methods  for  lai^ral  and  adult  Taenia  taeniaeformis 
incubated  aerobically  or  anaerobically. 
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The  calcareous  co2rpuscles  of  various  tapeworm  species  are  studied  by 
means  of  x-ray  diffraction  after  various  degrees  of  heating.  The  phosphate 
uptake  of  isolated  calcareous  corpuscles  is  investigated  by  chemical  and 
x-ray  diffraction  methods.  Variations  in  phosphate  content  of  calcareous 
corpuscles  isolated  from  Echinococcus  granulosus  secured  from  various 
countries  and  of  larval  and  adult  Taenia  taeniaeformis  are  studied  by  quan- 
titative methods .  These  studies  are  done  in  collaboration  with  the  Labora- 
tory of  Histology  and  Pathology,  WIDR. 

Specified  numbers  of  Tetrathyridia  of  Mesocestoides  corti,  isolated 
from  the  body  cavity  of  mice,  are  fed  to  dogs  and  skunks  and  the  numbers 
recovered  from  these  final  hosts  are  determined  after  periods  varying  from 
about  two  weeks  to  several  months,  special  attention  being  paid  to  stages 
indicating  the  occurrence  of  asexual  multiplication  within  the  intestine . 
Stages  recovered  from  the  dog  intestine  are  introduced  either  by  injection 
or  by  surgical  procediore  into  the  peritoneal  cavity  of  mice  or  the  intestine 
of  another  dog  to  study  what  stages  are  capable  of  asexual  multiplication  in 
these  habitats.  Fixed  specimens  are  sent  to  the  Department  of  Medical  Micro- 
biology and  Immunology,  School  of  Medicine,  University  of  California  at  Los 
Angeles,  for  morphological  studies . 

Major  Findings: 

Glucose  and  glycerol  respectively,  spared  the  endogenous  glycogen 
utilization  of  larval  and  adult  Taenia  taeniaeformis,  but  significant 
glycogen  synthesis  occurred  only  when  larvae  were  simultaneously  provided 
with  both  substrates.  The  decisive  factor  is  the  amount  of  substrate 
absorbed  which  was  greatest  in  the  latter  case.  Anaerobically,  only  little 
less  absorption  took  place,  but  much  more  of  the  absorbed  carbon  was  diverted 
to  the  production  of  succinate.  The  utilization  of  glucose  and  glycerol  led 
to  the  same  metabolic  endproducts:   Succinate,  lactate  and  acetate.  The 
amount  of  succinate  produced  depended  both  on  the  availability  of  oxygen 
and  the  amount  of  substrate  consumed;  that  of  lactic  and  acetic  acid  sur- 
prisingly did  not.   The  average  molar  ratio  of  the  two  latter  metabolites 
was  1:1.  It  is  possible  that  both  acids  originate  from  dismutation  of 
pyruvid  acid  and  that  this  reaction  proceeds  at  a  maximal  rate  at  relatively 
low  levels  of  substrate  utilization  (von  Brand,  Eckert)  . 

Isolated  calcareous  corpuscles  of  Taenia  taeniaeformis  and  Cysticercus 
cellulosae  both  incorporate  relatively  large  amounts  of  phosphate  when  incu- 
bated in  vitro  in  a  phosphate  solution.  The  more  acid  this  solution  is  the 
more  phosphate  was  taken  up;  x-ray  diffraction  indicates  that  this  phosphate 
gives  rise  to  apatite  production.  Special  attention  was  paid  to  the  question 
of  the  temperature  to  which  calcareous  corpuscles  of  Taenia  taeniaeformis 
must  be  heated  to  lead  to  dolomite  formation  reported  previously.   It  was 
foiHid  that  a  very  faint  pattern,  possibly  indicating  the  formation  of  this 
mineral,  appeared  when  isolated  corpuscles  were  heated  uninterruptedly  for 
180  days  at  150°C,  but  a  distinct  pattern  was  visible  when  the  structures 
were  heated  for  4  to  5  days  to  l80°  C .  At  300°  C  dolomite  was  formed  after 
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15  minutes  and  at  if 50°  C  after  5  minutes .  At  that  temperature  some  decompo- 
sition of  dolomite  took  place  as  indicated  ty  the  slow  appearance  of  calcium 
carbonate  and  magnesium  oxide  patterns.  In  viev  of  the  previously  reported 
findings  of  varying  phosphate  levels  in  the  calcareous  corpuscles  of  Echino- 
cocGus  granulosus  of  various  geographic  origins,  longer  series  were  done 
with  material  from  Chile,  Argentina,  and  Australia.  The  greatest  variations 
were  found  in  the  Chilean  samples,  but  the  average  of  the  three  series  was 
not  significantly  different.  So  far,  it  has  not  been  possible  to  get  addi- 
tional material  from  Lebanon  and  New  Zealand  where  previously  the  highest 
values  had  been  obtained  (von  Brand  and  Nylen) . 

Tetrathyridia  of  Mesocestoides  corti  in  designated  numbers  were  fed 
orally  to  dogs  and  skunks.  When  specimens  of  both  host  species  were  autopsied 
after  different  intervals,  varying  from  2  to  1^4-  weeks,  usually  a  much  larger 
number  of  mature  and  immature  Mesocestoides  were  recovered  from  the  intes- 
tines than  had  been  administered.  It  is  probable  that  asexual  multiplication 
had  occurred  inside  the  intestine,  a  rather  unusual  process  for  a  cestode. 
The  finding  of  tapeworms  with  split  scolex  or  bud-like  outgrowth  on  a  pro- 
glottid show  two  ways  in  which  multiplication  may  have  occurred.  An  addi- 
tional possibility  is  that  tetrathyridia  completed  in  the  intestine,  asexual 
reproduction  begun  in  the  body  cavity  of  mice .  Another  significant  finding 
was  that  immature  stages  of  the  worms  taken  from  the  dog  intestine  after  9 
weeks  and  introduced  into  the  peritoneal  cavity  of  mice,  were  still  capable 
of  establishing  themselves  in  this  habitat  and  multiplying  there.  Strobilate 
stages  handled  in  the  same  way  died  after  the  transfer.  Further  information 
bearing  on  the  question  of  multiplication  is  expected  from  the  morphological 
studies  done  by  the  collaborating  investigator.  Dr.  Voge  (Eckert,  von  Brand). 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

The  studies  on  the  chemical  composition  and  the  metabolism  of  para- 
sites, intermediate  hosts,  and  parasitized  anima,ls  are  essential  for  an 
understanding  of  the  pathogenesis  of  parasitic  diseases  and  they  lay  a  fo\in- 
dation  for  a  rational  approach  to  chemotherapy. 

Proposed  Course  of  the  Project; 

The  studies  on  glucose  and  glycerol  utilization  have  been  terminated 
and  have  been  prepared  for  publication.  Future  studies  will  determine  whether 
in  Taenia  taeniaefonnis  galactose  alone  or  in  combination  with  glucose  and/or 
glycerol  is  glycogenic  and  whether  glyconeogenesis  requires  environmental 
carbon  dioxide. 

The  summarized  studies  on  calcareous  corpuscles  will  be  brought  to  a 
conclusion  early  next  year.  Further  studies  will  deal  with  the  isolation  of 
the  organic  moiety  of  the  corpuscles  and,  if  clean  material  can  be  isolated, 
the  nature  of  its  constituents  will  be  investigated. 

The  studies  on  the  development  of  Mesocestoides  corti  in  dogs  and 
skunks  is  completed  and  will  be  prepared  for  publication. 
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Honors  and  Awards: 

Th.  von  Brand  was  invited  to  contribute  a  paper  to  a  volume  to  be  published 
in  honor  of  the  Indian  scientist.  Dr.  H.  D.  Srivastava. 

Th.  von  Brand  was  invited  to  prepare  an  extensive  review  paper  on  parasites 
and  their  metabolism  for  the  Italian  Journal  "Scientia". 

Th.  von  Brand  was  invited  to  participate  in  the  Symposium  on  Parasitic 
Diseases,  US-Japan  Cooperative  Medical  Science  Program,  Palo  Alto,  California, 
July  26  to  28,  1967  and  to  present  a  paper  on  the  metabolism  of  fresh  water 
snails . 

Th.  von  Brand  was  invited  to  serve  on  the  Advisory  Program  Committee,  Second 
International  Congress  on  Parasitology. 

Th.  von  Brand  was  elected  to  the  office  of  President-Elect,  American  Society 
of  Parasitologists . 

Th.  von  Brand  was  elected  to  honorary  membership  in  the  German  Society  of 
Parasitologists,  April  6,  1968. 

Publications : 

von  Brand,  T.,  Nylen,  M.  U.,  Nfertin,  G.  N.,  and  Churchwell,  F.  K.:  Composi- 
tion and  ciystallization  patterns  of  calcareous  corpuscles  of  cestodes  grown 
in  different  classes  of  hosts.  J.  Paras itol.  53:  683-687,  August  I967. 

von  Brand,  T.:  Der  Stoffvechsel  der  Parasiten.  Seine  Beziehungen  zur  Patho- 
genese  und  Chemotherapie  parasitaerer  Infektionen.  Naturwissenschaften  22: 
580-585,  December  I967. 

von  Brand,  T.:   Parasites  and  their  metabolism.  Scientia  (in  press). 

von  Brand,  T.:   Physiology  and  biochemistry  of  Trichinella  spiralis .   In: 
Gould,  S.  E.  (Editor):   Trichinosis  in  Man  and  Animals  (In  press)  . 

von  Brand,  T.:   Relations  between  biochemistry,  taxonomy,  and  phylogeny  of 
mammalian  trypanosomes .   In:  Volume  honoring  Dr.  H.  D.  Srivastava. 
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Project  Title:   Pathological  physiology  and  histochemistry  of  parasitic 
diseases . 

Previous  Serial  No.:   Same 

Principal  Investigator:   Dr.  Teresa  I.  Mercado 

Cooperating  Units:   Laboratory  of  Bacterial  Diseases,  NIAID  (Dr.  Joseph  G. 
Tully) 


Man  Years 


NIAI 

D 

Other  NIH 

Guest 

Lab. 

Staff 

Personnel 
Assigned  to 
Project 

Workers 

2  3/12 


TOTAL 


2  3/12 


Total: 

2  3/12 

Professional: 

1 

Other : 

1  3/12 

Project  Description: 
Objectives : 

1)  To  gain  a  better  understanding  by  means  of  histochemical  and 
physiological  studies  of  the  pathological  physiology  of  parasitic  diseases. 

2)  To  elucidate  factors  that  may  complicate  a  parasitic  infection 
and  consequently  modify  the  known  pathological  physiology  of  the  host  induced 
by  the  infection. 

Methods  Employed: 

1)  The  activity  of  oxidative  enzymes  (succinic  dehydrogenase  and 
cytochrome  oxidase)  is  studied  in  the  liver  of  mice  infected  with  the 
Tulahuen  strain  of  Trypanosoma  cruzi  employing  standard  histochemical  tech- 
niques with  some  modifications  and  by  means  of  assays  of  liver  homogenates 
using  Warburg  respirometry  and  spectrophotometric  techniques.  Histochemical 
staining  for  glycogen  and  lipid  is  performed  concurrently.   Progression  of 
the  infection  is  checked  by  hemocytometer  counts  of  the  flagellates  and 
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examination  of  Giemsa-stained  liver  sections. 

2)  Further  attempts  were  made  to  elucidate  the  role  of  Mycoplasma 
neurolyticum  in  the  paralyzing  syndrome  occurring  in  rats  infected  with 
Plasmodium  berghei  by:   (a)  using  immunodiffusion  tests,  (b)  inoculating 
the  immunosuppressive  drug  cyclophosphajnide  (Mead  Johnson),  and  (c)  by 
modifying  the  cultiire  technique . 

Ma.jor  Findings: 

1)  Mice  heavily  parasitized  with  Trypanosoma  cruzi  have  lower  enzyme 
activity  (succinic  dehydrogenase  and  cytochrome  oxidase)  than  uninfected  mice. 
Histochemically,  normal  mice  exhibited  uniform  activity  of  both  enzymes 
throughout  the  liver  lobule  with  some  accentuation  around  the  periportal 
areas .  In  infected  livers  activity  was  irregular  and  generally  there  was 

no  periportal  pattern.  Quantitative  determinations  indicated  that  in  mice 
infected  eight  days  or  longer  with  parasitemias  up  to  86  million  trypan- 
osomes  per  ml.  of  blood  ajid  showing  many  parasitic  foci  in  their  liver, 
activity  was  about  one  half  that  of  the  normal  specimens.   In  mild  infections 
(less  than  seven  days)  marked  deviations  from  the  normal  did  not  occur. 
The  decrease  in  enzyme  activity  seems  to  be  related  to  the  marked  fatty 
infiltration  occurring  in  the  infected  livers.  The  disturbance  seemed  more 
extreme  in  those  livers  in  which  the  fatty  infiltration  was  most  intense. 

2)  Although  much  indirect  evidence  has  been  obtained  relating 
Mycoplasma  neurolyticum  with  the  paralyzing  syndrome  occurring  in  rats 
infected  with  Plasmodium  berghei  we  have  not  established  unequivocally  the 
direct  link,  by  isolating  the  organism  in  culture.   Passaging  of  the  organ- 
ism in  rats  seems  to  render  it  extremely  fastidious  in  its  growth  require- 
ments.  Even  when  cultured  M^  neurolyticum  is  injected  into  normal  rats  it 
is  no  longer  culturable  from  their  blood  2U  hours  after  inoculation. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

Basic  cellular  studies  provide  a  means  for  understanding  the  physio- 
logical mechanisms  involved  in  the  response  of  the  host  to  parasitic  infec- 
tions and  may  lead  to  the  identification  of  specific  parasite  substances 
involved  in  pathogenesis.  Histochemical  studies  aid  in  localizing  the 
altered  sites  within  tissues.   Physiological  studies  quantitate  the  alter- 
ation of  activity  observed  histochemically  and  aid  in  defining  further  the 
physiological  mechanisms  that  may  be  damaged. 

The  paxalytic  syndrome  resulting  from  the  association  between  a 
malarial  infection  and  a  IV^coplasma  points  to  the  increasing  importance  of 
research  related  to  the  beha-vLor  of  mixed  infections. 

Proposed  Course  of  the  Project: 

The  enzyme  studies  employing  the  Tulahuen  strain  of  T_^  cruzi  will  be 
continued  and  the  effect  of  other  strains  of  this  parasite  as  well  as  that 
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of  some  of  the  African  trypanosomes  will  be  investigated.  Attempts  will  be 
made  to  define  further  the  nature  of  the  effect  on  the  oxidative  enzymes. 

Further  plans  to  isolate  M^  neurolyticum  from  paralyzed  rats  will  be 
limited  to  the  use  of  new  culture  media  as  these  become  available. 

Honors  and  Awards;   None 

Publications : 

Mercado,  T.  I.,  and  von  Brand;  T.  Histochemical  localization  of  glycogen- 
synthesizing  enzymes  during  parasitic  infections,  Exp.  Par as it ol.  21: 
325-335,  1967. 
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Project  Title:   Biochemical  mechanisms  of  energy  metabolism  in  majnmalian  and 
paras  it  i  c  organ  i  sms . 

Previous  Serial  Number:   Same 

Principal  Investigator:   Eugene  C.  Weinbach 

Other  Investigators:   Michael  L.  Nieland 

Man  Years  NIAID        Other  NIH     Guest      Total 

Lab.  Staff   Personnel     Workers 
Assigned  to 
Project 

3  3/12  3  3/12 

Total:        3  3/l2 
Professional:   2 
Other:        1  3/12 

Project  Description: 

Objectives: 

The  general  objective  is  to  conduct  fundamental  studies  on  the  mecha- 
nism of  aerobic  energy  metabolism  in  mammalian  and  parasitic  organisms.  The 
specific  objectives  are  twofold:   (l)  to  continue  studies  of  electron  trans- 
port and  oxidative  phosphorylation  in  mammalian  mitochondria,  and  (2)  compara- 
tive studies  with  mitochondria  from  parasites . 

Methods  Employed: 

Animal  tissues  are  fractionated  by  mechanical  or  enzymatic  disruption 
of  the  cells;  the  subcellular  elements  are  isolated  from  these  tissue  disper- 
sions by  differential  centrifugation.  Mitochondria,  the  principal  subcellu- 
lar fraction  used  in  this  project,  are  fragmented  further  by  chemical,  osmotic, 
or  mechanical  means  and  the  resulting  subfractions  separated  by  density  gra- 
gient  techniques .  Mitochondria  also  are  isolated  by  similar  procedures  from 
cestodes,  the  parasites  currently  under  study.  Mitochondrial  constituents 
are  determined  and  characterized  by  appropriate  enzymatic,  chemical,  radio- 
chemical and  physical  methods .  Manometric  and  polarographic  techniques  are 
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used  to  measure  oxidation  rates.   Correlative  and  intrinsic  ultrastructural 
studies  are  performed  vith  the  electron  microscope. 

lyfejor  Findings: 

A.  Mammalian  Studies 

Continuing  our  studies  on  the  mechanism  of  action  of  uncoupling 
reagents,  particularly  in  regard  to  mitochondrial  sites  of  interaction, 
we  now  have  separated  rat  liver  mitochondria  into  outer  and  inner  membrane 
fractions.  Biochemical  and  morphological  criteria  have  shown  that  a  sub- 
stantial degree  of  separation  has  been  achieved,  although  some  uncertainty 
remains.  ¥hen  intact  mitochondria  were  reacted  with  C-^^-labeled  pentachloro- 
phenol,  followed  by  lysis  of  the  organelles  and  subsequent  separation  of  the 
membranes,  approximately  55^  of   the  uncoupling  reagent  was  found  associated 
with  the  outer  membrane  fraction  and  k^'fo   with  the  inner.   In  contrast  to  the 
findings  with  intact  mitochondria,  added  Mg  ion  greatly  enhanced  the  binding 
of  pentachlorophenol  to  the  lysed  mitochondria  and  to  the  membrane  fractions, 
suggesting  a  ligand  role  for  this  metal.  These  findings  are  significant  in 
view  of  current  theories  regarding  compartmentation  of  the  mitochondrion  and 
the  localization  of  the  enzymes  associated  with  energy  conservation. 

B.  Parasite  studies 

Investigation  of  the  terminal  oxidative  pathways  in  cestodes  was 
continued.  Oxidation  of  glycerol-1-phosphate  by  mitochondrial  fractions  of 
larval  or  adult  Taenia  taeniaeformis  was  strongly  inhibited  by  compounds  that 
chelate  non-heme  iron.  Similar  results  were  obtained  with  other  tapeworms 
(Mesocestoides,  Hymenolepis) .  These  findings,  together  with  our  previous 
spectrophotometric  data,  indicate  that  non-heme  iron  is  an  important  consti- 
tuent of  the  cestode  respiratory  chain.  The  results  also  are  of  comparative 
interest  in  view  of  the  recent  finding  that  plant  mitochondria  contain  a 
hitherto  unknown  non-heme  iron  oxidase- "Foetidoxin"-which  is  inhibited  by 
these  agents . 

Thus,  our  present  data  indicate  that  in  T.  taeniaeformis  electron 
transport  from  substrate  to  oxygen  involves  flavoproteins  and  a  non-heme 
iron  carrier (s ) .  There  is  no  evidence  for  involvement  of  pyridine  nucleotides. 
The  question  of  cytochromes  is  uncertain.  These  respiratory  pigments  were 
not  detected  by  sensitive  low-temperature  spectrophotometry,  nor  by  specific 
enzymatic  assay.  Yet  the  respiration  of  intact  larval  and  adult  T.  taeniae- 
foi-mis  is  strongly  inhibited  by  1  mM  cyanide.  Our  previous  finding  that  the 
respiration  of  Taenia  was  insensitive  to  cyanide  now  has  been  traced  to  a 
labile  component  in  the  preparation.  When  the  mitochondria  are  isolated  by 
procedures  utilizing  proteinases  to  facilitate  breakage  of  the  cells,  a  cjranide- 
sensitive  component  is  released  from  the  mitochondria.  If  the  proteolytic 
enzyme  is  omitted  from  the  isolation  procedure,  cyanide-sensitivity  is  re- 
tained. This  finding  was  corroborated  by  treating  the  mitochondria  with 
detergents,  a  procedure  which  also  released  the  cyanide- sensitive  component. 
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Studies  directed  toward  elucidating  the  pathway  of  glycerol  metaholism 
in  tapeworms  have  disclosed  that  the  cytoplasm  of  T.  taeniaeformis  contains  a 
soluble  enzyme  that  promotes  the  reduction  of  dihydroxyacetone  phosphate  via 
pyridine  nucleotide  (NADH)  to  glycerol-1-phosphate.  As  these  mitochondria 
contain  an  active  glycerol-1-phosphate  oxidase  (not  involving  NAD)  this 
provides  a  mechanism  for  the  cestode  to  reoxidize  reduced  pyridine  nucleo- 
tides even  though  their  respiratory  chain  does  not  accept  reducing  equi- 
valents directly  from  WADH.  The  glycerol-1-phosphate  cycle  is  found  also  in 
insect  flight  muscle  where  it  is  believed  to  have  a  key  role  in  metabolism. 

Further  work  on  the  glycerokinase  activity  of  tapeworm  mitochondria 
confirmed  our  earlier  observation  that  this  enzyme  catalyses  the  phosphoryla- 
tion of  glycerol  by  ATP.  The  product  of  this  reaction  now  has  been  verified 
as  glycerol-1-phosphate.  The  glycerokinase  from  T.  taeniaeformis  differs 
from  the  mammalian  enzyme^  but  resembles  that  of  yeast,  in  regard  to  its 
nucleotide  specificity.  CTP,  ITP  and  GTP  can  replace  ATP  or  UTP  as  the 
phosphate  donor. 

A  study  was  completed  on  the  effect  of  various  substrates  and  inhi- 
bitors on  the  endogenous  respiration  of  intact  larvae  of  Mesocestoides  corti, 
a  representative  of  a  little  known  species  of  cestodes.  The  respiration  of 
these  larvae  was  insensitive  to  changes  in  oxygen  tension  in  the  range  of 
100  to  5  volumes  percent.  Of  a  number  of  substrates  tested,  only  glycerol 
stimulated  the  respiration  significantly.  Results  of  experiments  with  spe- 
cific inhibitors  disclosed  that  (a)  agents  that  inhibit  glycolysis  were 
effective  in  suppressing  the  endogenous  respiration  of  the  parasite;  (b) 
agents  that  influence  the  activity  of  the  tricarboxylic  acid  cycle  were 
weakly  inhibitory;  and  (c)  compounds  that  inhibit  the  mammalian  respiratory 
chain  markedly  inhibited  the  oxygen  uptake .  Significantly,  there  was  strong 
inhibition  of  respiration  by  the  non-heme  iron  inhibitors  mentioned  above. 
Analogous  experiments,  done  with  intact  larvae  of  T.  taeniaeformis,  showed 
that  the  effects  of  the  inhibitors  on  the  intact  organism  closely  correspond 
to  those  observed  with  subcellular  preparations . 

A  preliminary  study  of  cation  and  phosphate  uptake  into  mitochondrial 
fractions  of  T.  taeniaeformis  was  initiated.  Sufficient  amounts  of  Ca^5  and 
phosphate  were  accumulated  by  the  organelles  to  form  insoluble  precipitates. 
Uptake  of  Ca^5  occurred  readily  in  the  presence  of  glycerol-1-phosphate,  the 
substrate  that  is  most  rapidly  oxidized  by  these  preparations .  However,  it 
is  not  the  oxidation  of  this  substrate  that  supported  Ca  uptake,  but  its 
hydrolysis.  Exogenous  inorganic  phosphate  could  not  substitute  for  the 
organic  phosphate  ester.  Neither  could  ATP  support  the  ion  accumulation, 
although  it  is  hydrolyzed  more  readily  than  is  glycerol-1-phosphate.  These 
preliminary  results  indicate  a  hitherto  unknown  aspect  of  mitochondrial  com- 
partmentation,  not  found  with  mammalian  mitochondria. 

C.  Ultrastructural  studies 

The  taeniid  egg  is  well  known  for  its  resistance  to  ovicidal  agents, 
Electron  microscope  studies  disclosed  that  its  shell  is  composed  of  keratin 
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blocks  that  are  held  together  by  a  cement  substance .  Mitochondria  are  found 
in  the  interstices  of  the  blocks  suggesting  their  involvement  in  the  forma- 
tion of  the  blocks  or  the  cement  substance.  The  oncospheral  membrane^,  present 
in  all  cestode  eggs,  was  found  to  be  formed  by  the  same  cell  that  produces  the 
blocks .  The  hatched  egg  is  thought  to  penetrate  the  intestinal  mucosa  by 
means  of  its  six  hooks  and  a  lytic  secretion  derived  from  penetration  glands. 
The  hooks  vere  found  to  develop  intracellularly  and  the  mature  hook  is  en- 
closed within  a  tripartite  cytoplasmic  structure .  Unusual  intracristal  gran- 
ules were  seen  in  mitochondria  of  hook-f onning  cells .  The  penetration  granules 
appear  to  liquefy  and  form  a  secretion  that  is  extruded  from  the  oncosphere 
after  hatching. 

The  hatched  oncosphere  reaches  the  liver  of  the  host  and  continues 
development  within  a  structure  referred  to  as  a  bladder.  This  vesicle  sub- 
sequently becomes  a  terminal  appendage  and  diminishes  in  size  with  further 
growth  of  the  worm.  Analysis  of  the  carbohydrate  content  of  the  bladder 
fluid  showed  glucose  to  be  the  only  constituent.   In  addition,  the  glucose 
content  of  the  bladder  was  found  to  be  higher  than  the  plasma  glucose  of  the 
host,  implying  either  that  the  bladder  wall  is  capable  of  concentrating 
glucose  or  "trapping"  a  high  glucose  concentration  when  the  plasma  glucose 
is  elevated  after  a  meal.  Further  electron  microscopic  study  of  the  bladder 
wall  revealed  a  highly  ramified  duct  system.   It  is  suggested  that  these 
ducts,  which  are  believed  to  constitute  an  excretory  system,  might  also  serve 
to  transport  nutrients  from  the  bladder  to  the  growing  strobila. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

This  investigation,  because  of  its  fundamental  nature  in  attempting 
to  elucidate  vital  mechanisms  common  to  all  aerobic  cells,  has  obvious  impor- 
tance for  biochemistry  in  general,  and  provides  a  basis  for  understanding 
bioenergetic  problems  associated  with  parasitism.  Studies  of  energy  meta- 
bolism in  parasitic  organisms,  apart  from  intrinsic  and  comparative  interest, 
contribute  toward  a  more  rational  understanding  of  the  host-parasite  relation. 
Ultrastructural  investigations  provide  important  correlations  with  the  func- 
tional studies . 

Proposed  Course  of  the  Project; 

The  mammalian  studies  will  be  continued  with  emphasis  upon  obtaining 
better  separation  of  the  mitochondrial  membrane  fractions.  These  fractions 
then  will  be  interacted  with  uncoupling  reagents  to  ascertain  if  there  are 
true  differential  membrane  effects .  The  role  of  metal  ion  ligands  will  be 
investigated  further.  The  work  with  parasite  mitochondria  will  be  extended 
to  other  species  of  cestodes.  The  preliminary,  promising  studies  of  ion 
accumulation  in  cestode  mitochondria  will  be  intensified.  The  metabolic 
fate  of  glycerol  and  other  compoionds  will  be  studied  with  isotopically- 
labeled  substrates .  The  ultrastructural  investigations  of  cestode  eggs  will 
be  concluded . 
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Honors  and  Awards: 

An  invited  lecture  vas  presented  by  E.  C,  Weinbach  to  the  class  in  Anatomy 
120,  Graduate  Program  NIH,  on  February  8,  entitled  "Mitochondria;  Structiire 
and  Function." 

Dr.  Weinbach  was  invited  by  Senator  H.  A.  Williams,  Chairman  of  the  Senate 
Special  Committee  on  Aging,  to  contribute  to  studies  of  the  Committee  on 
problems  related  to  biomedical  research  on  aging.   (November  22) . 

Publications; 

Weinbach,  E.  C,  Garbus,  J.  and  Sheffield,  H.  G.:   Morphology  of  mitochondria 
in  the  coupled,  uncoupled  and  recoupled  states.  Exptl.  Cell  Res.  46:   129- 
1^3,  1967. 

Weinbach,  E.  C.  and  von  Brand,  T.:  Formation,  isolation  and  composition  of 
dense  granules  from  mitochondria.  Biochem.  Biophys.  Acta  l48:   256-266, 
1967. 

Weinbach,  E.  C.  and  Garbus,  J.:  Structural  changes  in  mitochondria  Induced 
by  uncoupling  reagents.  The  response  to  preoteolytic  enzymes.  Biochem . 
J.  106:   711-717,  1968. 

Nieland,  M.  and  Weinbach,  E.  C:   The  bladder  of  Cysticercus  fasciolaris; 
Electron  microscopy  and  carbohydrate  content .  Parasitology  (In  press) . 
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Project  Description: 

Objectives: 

To  study  the  biology  of  trypanosomes.   Specifically,  to  investigate 
the  requirements  of  Trypanosomatidae  in  vitro,  the  infectivity  of  Trypanosoma 
range li  cultures,  and  to  study  the  host-parasite  relationship  between 
Rhodnius  prolixus  and  the  two  trypanosomes,  Tj_  cruzi  and  T_^  range  li . 

Methods  Employed: 

Culture  techniques  were  employed  to  grow  Trypanosomatidae  on  media 
which  would  help  elucidate  nutritional  requirements  and  adapt  species  for 
physiological  and  biochemical  studies.   Infectivity  of  Trypanosoma  range li 
cultures  was  studied  following  IP  inoculation  of  rats  or  hemocoel  inoculation 
of  Rhodnius  prolixus .   Slides  of  hemolymph  were  prepared  and  studied  micro- 
scopically. Fresh  Rj_  prolixus  were  fed  on  animals  infected  with  Tj_  cruzi 
or  T.  range li . 
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Major  Findings; 

When  T.  rajigeli  is  introduced  into  the  hemocoel  of  R.  prolixus, 
crithidial  forms  invade  the  plasmatocytes,  and  round  up  and  divide.  An 
overwhelming  parasitemia  usually  results,  that  ruptures  and  destroys  the 
hemocytes,  causing  death  of  the  host.  Metacyclic  forms  occur  extracellular ly 
in  the  hemolymph  of  some  bugs  indicating  that  the  cycle  of  development  can 
be  completed  without  involving  the  salivary  glands.   At  dissection  certain 
crithidial  forms  are  seen  attached  to  salivary  glands  in  great  numbers  in 
many  specimens,  and  in  hemolymph  smears  they  are  found  around  hemocytes, 
indicating  that  they  must  be  the  forms  that  invade  the  glands  where  they 
become  metacyclic  trypanosomes  or  the  cells  where  division  occurs. 

Infectivity  of  each  T.  range li  cultiore  substrain  is  lost  sometime 
between  15  and  23  months  as  measured  by  the  culture  forms,  inoculated  into 
the  hemocoel,  losing  the  ability  to  invade  the  salivary  glands  of  R. 
prolixus.  Virulence  of  these  strains  also  diminished.  To  illustrate  this: 
in  one  of  the  recently  isolated  substrains  only  2  out  of  8  bugs  developed 
salivary  gland  infections.   One  of  these  bugs  passed  the  infection  3  times 
and  the  other  only  once,  as  compared  to  100^  of  the  bugs  passing  the  infec- 
tion every  2  weeks  for  many  months,  10  years  ago.   Development  of  T.  range li 
in  the  hemocoel  was  not  affected:   strains  remained  pathogenic  to  the  bug 
by  blocking  the  circulatory  system. 

Maintenance  of  T.  range li  in  the  bug  by  serial  passage  of  infected 
hemolymph  did  not  increase  the  infectivity  of  a  strain,  but  did  increase 
its  pathogenicity. 

Crithidia  fasciculata  was  maintained  for  more  than  nine  months  by 
serial  passage  in  blood  agar-dialysate  medium. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute; 

In  vitro  cultivation  of  trypanosomes  helps  elucidate  nutritional 
requirements  of  these  parasites  and  makes  available  material  suitable  for 
specific  physiological  and  biochemical  problems.  These  studies  provide 
basic  information  relating  to  the  pathogenic  action  of  hemoflagellates. 

Observations  on  host-parasite  relationships  provides  information 
applicable  to  the  differentiation  of  closely  similar  parasites.  The 
studies  on  the  biology  of  T.  range li  in  its  insect  vector  supply  important 
information  on  the  mechanism  of  transmission  of  the  disease  to  man. 

Proposed  Course  of  the  Project: 

Studies  on  the  development  of  T.  range li  in  the  hemocoel  of  R. 
prolixus  when  the  infection  had  been  initiated  by  inoculation  of  the 
parasite  via  the  hemocoel  will  be  terminated.   Studies  on  the  infectivity 
of  culture  strains  of  T.  range li  for  the  vertebrate  as  well  as  the 
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invertebrate  host  will  be  continued.  White  rats  will  be  inoculated  with 
specific  culture  strains  and  serve  as  the  source  of  infection  for  R. 
prolixus .  R.  prolixus  will  be  artificially  fed  T_^  rangeli  from  culture, 
especially  with  strains  that  will  not  infect  rats. 

Studies  on  the  cultivation  of  trypano somes  will  emphasize  production 
of  certain  species  as  needed  for  physiological  and  biochemical  studies. 
Growth  of  various  species  of  trypanosomes  on  media  where  nutritive  material 
is  obtained  through  a  dialysis  membrane  will  be  evaluated. 

Honors  and  Awards:   None 

Publications:   None 
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Project  Description: 

Objectives: 

The  acc\imulation  of  data  on  the  occurence  of  toxoplasmosis  in  man 
and  animals,  to  gain  insight  into  the  mechanism  of  transmission  of  the 
infection;  characterization  of  the  cyst  in  respect  to  epidemiology  and  the 
causation  of  chronic  diseases;  investigation  of  factors  influencing  con- 
tinued activity  of  the  parasite  during  chronic  infection  in  relation  to 
congenital  transmission,  ocular  and  myocardial  disease;  critical  study  of 
toxoplasmacidal  agents  against  trophozoites  and  cysts. 

Methods  Employed: 

A  microisolation  apparatus  is  used  for  handling  cysts  of  Toxoplasma 
and  eggs  of  nematodes.  A  digestion-inoculation  technique  is  used  for  iso- 
lation studies;  tissue  culture  techniques  are  used  for  morphologic  and  chemo- 
therapeutic  studies.  Dye  and  hemagglutination  tests  are  used  for  study  of 
human  and  animal  sera,  and  in  connection  with  isolation  procedures.   Cats 
are  infected  with  Toxoplasma  by  feeding  cysts  in  chronically  infected  mice. 
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Cats  not  naturally  infected  with  T^  cati  are  fed  mice  containing  larvae. 
Zinc-sulfate  flotations  of  fecal  suspensions  are  used  to  concentrate  nematode 
eggs.  These  eggs  are  stored  in  water  until  the  embryo  is  sufficiently 
developed  to  be  infective  when  fed  to  animals. 

Major  Findings: 

Studies  were  resumed  on  the  Toxocara-Toxoplasma  relationship  in  an 
attempt  to  elucidate  previous  findings  concerning  the  possible  role  of 
nematodes  in  the  transmission  of  toxoplasmosis.   Feeding  mice  the  embryonated 
eggs  of  T_^  cati  collected  from  the  fecal  floats  of  cats  during  a  i+-lU  day 
period  after  infection  with  Toxoplasma  has  consistently  produced  toxoplasmosis 
in  the  mice.  However,  eggs  collected  during  the  first  few  days  of  the  Toxo- 
plasma infection,  subsequently  embryonated  and  then  fed  to  mice  failed  to 
produce  toxoplasmosis.   Eggs  or  feces  obtained  during  any  stage  of  infection 
in  the  cat  and  fed  immediately  to  mice  yielded  similar  results.   It  was 
conjectured  that  some  development  of  Toxoplasma  was  required  in  the  adult' 
worm  and  possibly  in  subsequent  extrauterine  embryonic  development  of  the 
egg.   This  egg  could  then  hatch  in  the  mouse,  thereby  liberating  the  Toxo- 
plasma within  it . 

Recent  findings  have  added  new  questions  to  be  elucidated.  Feeding 
of  eggs  incubated  only  5  days  after  collection  and  still  in  a  partially 
embryonated,  non-infective  (non-hatchable)   state  has  produced  toxoplasmosis 
in  mice.   The  few  attempts  made  to  feed  embryonated  eggs  originally  taken 
directly  from  the  uteri  of  T^  cati  removed  from  Toxoplasma-infected  cats 
have  failed  to  produce  toxoplasmosis  in  mice.  Transmission  has  been 
accomplished  using  material  from  fecal  flotations  from  2  cats  in  which  no 
T.  cati  eggs  were  detected.  Treatment  with  sodium  hypochlorite,  formalin 
and  sulfuric  acid,  respectively,  of  the  material  from  the  flotations  con- 
taining either  embryonated  or  non-embryonated  eggs  of  Tj_  cati  have  failed 
to  render  the  material  incapable  of  transmitting  Toxoplasma.  However,  uterine 
eggs  from  another  nematode,  Physaloptera  sp.,  unlike  those  from  Toxocara, 
did  produce  Toxoplasma  infections. 

In  other  work,  two  new  chemotherapeutic  agents  have  been  tested  for 
effectiveness  against  toxoplasmosis  in  mice.  Both  B663  (Geigy),  a  drug  used 
for  leprosy,  and  I.C.I.  55052  for  coccidiosis,  were  of  no  value  in  the 
treatment  of  toxoplasmosis. 

Studies  involving  Toxoplasma  infected  tissue  culture  cells  have  been 
continued.   (See  125-1).  Major  emphasis  has  been  placed  on  the  determination 
of  effects  of  therapeutically  active  drugs,  such  as  pyrimethamine  and 
sulfadizine  on  the  ultrastructure  and  growth  patterns  of  the  parasite. 

In  addition  to  the  maintainance  of  Eesnoitia  jellisoni  infections  in 
mice  for  electron  microscope  studies  (See  125-1),  experiments  have  been 
conducted  in  an  attempt  to  elucidate  a  portion  of  the  life  cycle  of  this 
Toxoplasma-like  organism.   Efforts  to  produce  a  non-cyst-forming  strain  of 
B.  jellisoni  by  rapid  passage  through  mice  have  been  unsucessful  althoizgh 
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the  phenomenon  has  been  reported  by  other  workers.   Since  the  elimination 
of  a  stage  of  the  life  cycle  of  the  parasite  has  considerable  biological 
significance,  experiments  are  now  being  conducted  using  the  non-cyst  forming 
strain  obtained  from  another  laboratory. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

Toxoplasmosis  continues  to  pose  serious  problems  in  causation  of 
congenital  deformities,  blindness,  and  as  a  secondary  invader  complicating 
the  chemotherapy  of  malignant  and  infectious  disease.   Continued  study  of 
the  biology  of  this  organism  is  essential  to  contribute  to  a  better  under- 
standing of  the  human  infection  and  disease.  Determining  the  transmission 
of  this  disease  is  of  prime  importance  in  its  control. 

Proposed  Course  of  Project: 

Emphasis  will  be  placed  on  studies  of  possible  fecal  transmission  of 
toxoplasmosis  from  cats  free  of  Toxocara  but  infected  with  Toxoplasma. 
Attempts  will  be  made  to  locate  a  form  of  Toxoplasma  associated  with  orally 
infected  cats.  An  exaunination  will  be  made  of  nematode  eggs  and  larvae  for 
Toxoplasma  antigens  utilizing  fluorescent  antibody  techniques.   Studies 
designed  to  give  a  better  understanding  of  chronic  infections  will  be  con- 
tinued in  infections  in  mice  and  tissue  cultures.   Studies  on  the  biology 
of  related  organisms,  such  as  Besnoitia  will  also  be  continued. 

Honors  and  Awards :  None 

Publications : 

Jacobs,  L.:   Toxoplasma  and  toxoplasmosis.  Adv.  in  Par  as  it  ol.  ^:  l-i+6,  I967 
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1.  Parasitic  Diseases 

2.  Cell  Biology  and 

Innnunology 

3.  Bethesda^  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1967  through  June  30,  I968 


Project  Title:   Electron  microscope  studies  on  parasities 

Previous  Serial  Number:   Same 

Principal  Investigator:   Harley  G.  Sheffield 

Other  Investigators:   None 

Cooperating  Units:  Utah  State  University,  Dept .  of  Zoology 

Man  Years  NIAID        Other  NIH      Guest      TOTAL 


NIAID 

Other  NIH 

Guest 

Lab.  Staff 

Personnel 
Assigned  to 
Project 

Workers 

23/12       0        0     23/12 

Total:  2  3/12 
Professional:  1  3 /l2 
Other:         1 

Project  Description: 

Objectives: 

To  determine  the  fine  structure  of  various  parasites  in  relation  to 
their  taxonomy,  life  cycles,  reproduction  and  other  physiological  functions. 

Methods  Employed: 

Parasites  are  obtained  from  their  host  animals  or  culture.   The 
parasite  tissue  is  processed,  sectioned  and  then  studied  with  the  electron 
microscope  and  appropriate  cytochemical  methods. 

Major  Findings: 

In  vivo  studies:   l)   Observation  of  early  stages  in  the  formation  of 
Besnoitia  jellisoni  cysts  has  confirmed  an  earlier  report  of  division  by 
endodyogeny.   The  occasional  finding  of  a  multicompartmented  cyst  is  indic- 
ative of  a  multiple  infection,  each  compartment  containing  the  offspring  of 
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a  single  invading  organism.  The  cyst  wall  consists  of  an  amorphous  material 
interspersed  with  fine  fibrils  and  small  granules.   The  fibrils  become  more 
numerous  and  concentrated  at  the  periphery  as  the  cyst  matures.   Light  micro- 
scope staining  techniques  show  the  wall  is  PAS-positive  and  contains  an  acid 
mucopolysaccharide  substance.   In  a  fluorescent  antibody  study  (done  with 
Milford  Lunde,  LFD)  fluoroscein-labeled  antibody  against  B^  jellisoni  was 
bound  by  the  parasites  but  not  the  surrounding  cyst  wall  cytoplasm  thus 
supporting  the  electron  microscope  evidence  that  the  latter  was  of  the  host 
rather  than  parasite  origin.   Studies  are  now  in  progress  to  determine  the 
relation  of  collagen  to  cyst  wall  formation. 

2)  A  portion  of  the  project  time  has  been  allotted  to  the  continu- 
ation of  studies  on  the  development  of  the  larval  stages  of  Dirofilaria 
immitis  in  mosquito  Malpighian  tubules.   Concentration  on  changes  in  cuticle 
dioring  molting  has  supplemented  previous  information  on  cuticular  structure 
and  the  molting  process.   Studies  on  the  development  of  the  intestine,  as 
well  as  the  structure  of  the  excretory  and  rectal  glands  are  in  progress. 

In  vitro  studies:   l)  Detailed  studies  on  Toxoplasma  gondii  growing  in 
tissue  culture  cells  have  provided  additional  information  on  the  fine  struc- 
ture of  various  organelles,  and  changes  occurring  during  the  growth  and 
reproduction  of  the  parasite.   The  presence  of  vesicles  within  the  "round 
body"  precursor  and  the  developed  paired  organelle  support  the  suggestion 
that  these  organelles  may  be  secretory  in  function.  Changes  in  the  structure 
of  the  paired  organelle  as  occasionally  seen  in  Tj_  gondii  and  previously  noted 
in  Besnoitia  jellisoni  may  have  a  direct  relationship  with  the  entry  of  the 
organisms  into  host  cells. 

2)  Using  tissue  culture  techniques,  the  effects  of  drugs  on  parasite 
growth  and  multiplication  are  being  studied.   Continuation  of  earlier  studies 
on  pyrimethamine -treated  T_^  gondii  has  provided  additional  examples  of 
cellular  disorganization  such  as  nuclear  fragmentation  and  unusual  membrane 
formation.  However,  the  site  of  drug  activity  and  the  sequence  of  events 
leading  to  disorganization  have  not  been  determined.   Synergistic  activity 
of  a  pjrrimethamine-sulfadiazine  combination  has  been  confirmed.  However, 

no  structural  changes  have  been  observed  after  short-term  exposure  to  sulfa- 
diazine alone.   Studies  of  longer  term  exposures  are  in  progress. 

3)  A  study  of  the  ultrastructure  of  the  sporozoite  of  Eimeria  bovis 
(done  in  collaboration  with  Dr.  D.  M.  Hammond,  Utah  State  University)  has 
been  initiated  to  compare  its  morphology  with  that  of  T_^  gondii,  B.  jellisoni 
and  the  merozoites  of  E_^  bovls.  Findings  have  indicated  some  similarities 
between  certain  stages  of  these  parasites  that  may  be  helpful  in  elucidation 
of  the  life  cycles  of  Toxoplasma- like  organisms.  Ej_  bovis  sporozoites, 
during  the  initial  stages  after  entry  into  tissue-cultured  host  cells,  have 
typical  sporozoan  organelles  such  as  a  conoid,  paired  organelles,  micronemes 
and  a  pellicle  consisting  of  two  layers  and  an  underlying  system  of  micro- 
tub  les. 
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Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

These  morphological  findings  and  their  relation  to  physiological 
fiinctions  are  important  in  the  understanding  of  the  development  of  the 
parasite  and  the  disease  produced  by  it.   Knowledge  of  the  "normal"  morphology 
is  also  necessary  in  studying  the  mode  of  action  of  drugs  used  in  treatment 
of  parasitic  diseases  as  well  as  in  the  study  of  immunological  mechanisms. 

Proposed  Course  of  the  Project: 

The  study  of  Toxoplasma  gondii  will  be  continued  with  major  emphasis 
on  the  relation  of  morphology  to  life  cycle  stages  and  transmission. 
Effects  of  drug  exposure  on  parasites  growing  in  tissue  culture  cells  will 
be  continued  in  an  effort  to  determine  the  site  of  drug  action  and  its 
affects  on  nuclear-cytoplasmic  relationship.  When  desirable,  nonhuman 
parasites  will  be  used  to  supplement  or  clarify  the  information  obtained 
with  T.  gondii.   The  use  of  immunological  techniques  such  as  fluorescent 
antibody  will  be  continued  in  studies  of  host-parasite  relationships. 
Further  investigation  of  larval  development  of  Dj_  immitis  will  be  carried 
out  to  provide  basic  information  on  nematode  morphogenesis. 

Honors  and  Awards : 

Member,  Advisory  Program  Committee  for  the  Second  International  Congress  of 
Parasitology. 

Representative  of  the  Society  of  Protozoologists  to  the  Second  International 
Congress  of  Parasitology. 

Assistant  Editor,  Journal  of  Parasitology. 

Member,  Editorial  Board,  Journal  of  Protozoology. 

Member,  Executive  Committee,  Helminthological  Society  of  Washington. 

Publications: 

Sheffield,  H.  G.  and  Melton,  M.  L. :   Details  of  the  fine  structure  and 
reproduction  of  Toxoplasma  gondii.   J.  Parasitol.   (in  press). 

Sheffield,  H.  G.:   Observations  on  the  fine  structure  of  the  "cyst  stage" 
of  Besnoitia  jellisoni .   J.  Protozool.   (in  press). 

Weinbach,  E.  C,  Garbus,  J.,  and  Sheffield,  H.  G.  :  Morphology  of  mito- 
chondria in  the  coupled,  uncoupled  and  recoupled  states.   Exp.  Cell  Research 
h6:      129-1^13.   (1967). 
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1.  Parasitic  Diseases 

2.  Parasite  Growth  and 

Differentiation 
3«  Bethesda,  Maryland 

PHS-NIH 
Individxial  Project  Report 
July  1,  1967  through  June  30,  I968 

Project  Title:  Amoetiasis  studies  in  India 

Previous  Serial  Number:  Same 

Principal  Investigator:  Louis  S,  Diamond 

Other  Investigators:  None 

Cooperating  Units:   Institute  of  Medical  Sciences,  Osmania  Medical  College, 
Hyderabad,  India  (PL  ij-80  Project  No.  35^308).  Deaner  K. 
Lawless,  Laboratory  of  Clinical  Investigations,  NIAID. 

Man  Years  NIAID         Other  NIH     Guest      Total 


NIAID 

Other  NIH 

Guest 

Lab.  Staff 

Personnel 
Assigned  to 
Project 

Workers 

Total: 

2/12 

Professional: 

2/12 

Other : 

0 

2/12  2/12 


Project  Description: 

Objectives: 

To  obtain  basic  information  regarding  Entamoeba  histolytica  and  E. 
hartmanni,  and  the  relationship  of  infection  to  disease;  to  improve  present 
capabilities  in  diagnosis  of  amoebiasis,  particularly  in  cases  of  amoebic 
hepatitis  and  liver  abscess . 

Methods  Employed: 

Clinical  evaluations,  stool  examinations,  fluorescent  antibody  and 
hemagglutination  serology,  skin  tests,  cultures  and  animal  inoculations. 

Major  Findings: 

A  careful  clinical  study  of  22^  hospitalized  cases  of  amoebiasis  from 
an  endemic  urban  population  in  Hyderabad  revealed  a  relatively  high  incidence 
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of  amoebic  liver  abscess  (26.3/0).  The  majority  of  these  cases  of  liver 
abscess  (76.3/0)  were  without  detectable  clinical  signs  of  associated  intes- 
tinal manifestations  of  amoebic  disease.  Amoebic  hepatitis  (diffuse  amoebic 
infection  of  liver)  without  intestinal  manifestations  made  up  15.1^  of  the 
cases  seen.  Acute  or  subacute  amoebic  dysentery  accounted  for  l4.2/  of  the 
cases.  The  remainder  of  the  patients  (kh.2'fo)   were  diagnosed  as  suffering 
from  chronic  intestinal  amoebiasis  with  or  without  hepatitis. 

The  fluorescent  antibody  test  for  amoebiasis  was  evaluated  for  the 
first  time  in  an  endemic  population.  The  studies  confirmed  the  high  relia- 
bility of  the  test  in  extra-intestinal  amoebiasis  (86/  concurrence  with 
clinical  evaluation  in  amoebic  hepatitis,  and  97/  in  amoebic  liver  abscess), 
and  a  somewhat  lower  degree  of  reliability  in  cases  of  chronic  intestinal 
amoebiasis  (65/  concurrence) .  The  reliability  of  the  test  in  the  few  cases 
of  acute  intestinal  amoebiasis  that  were  studied  was  intemiediate  (77/  con- 
currence) . 

A  study  of  ij-^  cultured  strains  of  entaraoebae  isolated  from  clinically 
active  cases  of  amoebiasis  and  asymptomatic  carriers  failed  to  reveal  the 
presence  of  E.  histolytica-like  amoebae,  i.  e.  entamoebae  that  are  similar  in 
morphology  to  E.  histolytica,  but  unlike  this  amoeba  are  capable  of  in  vitro 
growth  in  hypotonic  solutions  and  at  temperatures  ranging  between  10  and 
35°C.  On  the  basis  of  other  studies,  present  findings  suggest  the  absence  of 
these  amoebae  in  the  population  under  study,  and  this  may  be  of  epidemiological 
significance.  Thus  far,  these  E.  histolytica-like  amoebae  have  been  isolated 
only  in  temperate  zones,  and  from  subjects  displaying  little  or  no  intestinal 
symptoms . 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

Knowledge  gained  from  the  Hyderabad  project  is  of  benefit  not  only  to 
clinicians  of  underdeveloped  countries  where  amoebiasis  is  most  prevalent, 
but  also  to  clinicians  of  this  country  who  come  in  contact  with  the  disease 
in  day  to  day  practice,  and  to  public  health  authorities  who  must  deal  with 
institutional  outbreaks .  The  studies  have  been  of  particular  value  in  pro- 
viding an  opportunity  for  the  first  large-scale  evaluation  of  the  fluorescent 
antilDody  test  for  amoebiasis,  and  for  providing  sufficient  material  upon 
which  to  base  a  survey  for  the  E.  histolytica-like  amoebae. 

Proposed  Course  of  Project; 

The  termination  date  of  the  project  has  been  extended  to  September 
1968,  in  order  to  give  time  to  carry  out  certain  animal  studies  regarding 
the  pathogenicity  of  indigenous  strains  of  E.  hartmanni,  and  especially 
strains  of  E.  histolytica  isolated  from  asymptomatic  carriers,  to  conclude 
the  survey  for  E.  histolytica-like  amoebae,  and  to  process  and  prepare  data 
for  publication. 
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Honors  and  Avards; 

Dr.  Diamond  vas  invited  to  present  lectures  at  the  All-India  Institute  of 
Medical  Sciences,  Wev  Delhi,  and  the  Christian  Medical  College  in  Vellore, 
India. 

Publications :  None . 
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1.  Parasitic  Diseases 

2.  Cell  Biology  and 

Immunology 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,    1967  through  June  30,  I968 

Project  Title:   Cellular  differentiation  in  host -dependent  systems. 

Previous  Serial  Wo . :   Same 

Principal  Investigator:   Charles  L.  Greenblatt 

Other  Investigators:   Lee  Ann  Jori 

Cooperating  Units:   Norman  Sharpless  (NIAMD-LPB-I8) 
Hans  Cahnmann  (NIAMD-CEB-IC) 

Man  Years  NIAID        Other  NIH      Guest      Total 


NIAID 

Other  NIH 

Guest 

Lab.    Staff 

Personnel 
Assigned  to 
Project 

Workers 

2  0  8/12      2  8/12 

Total:  2  8/l2 
Professional:  1  8/l2 
Other :         1 

Project  Description: 

Objectives: 

The  study  of  parasite  morphogenesis  and  cellular  regulation  in 
protozoan  infection. 

Methods  Employed: 

Trypanosoma  lewisi  was  the  chief  experimental  form  used.   In  the  pro- 
tein studies  with  Dr.  Cahnmann,  column  and  thin  layer  chromatography,  were 
the  major  chemical  methods  employed.  With  Dr.  Sharpless,  spectroscopic 
methods  were  emphasized  including  nuclear  magnetic  resonance,  fluorescence 
quenching,  and  optical  rotatory  dispersion. 

Dr.  Luis  Bojalil  of  the  National  University  of  Mexico  has  been  study- 
ing the  activity  of  mycobacterial  fractions  in  eliciting  delayed  hypersen- 
sitivity in  guinea  pigs.  Active  fractions  have  been  further  characterized 
by  various  immunological  and  chemical  methods.  Mycobacterium  were  disrupted, 
fractionated  by  (NHi^)pSO^,  and  resolved  into  a  number  of  fractions  by  ion- 
exchange  chromatography. 
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Major  Findings; 

A.  The  natural  immuxiity  of  the  mouse  to  T.  lewisi. 

Studies  were  continued  of  the  growth  of  this  hemo flagellate,  which 
is  host  specific  to  the  rat,  enclosed  in  millipore  diffusion  chambers  in 
heterologous  hosts.   Earlier  it  was  found  that  survival  and  growth  were 
possible  when  the  parasite  was  protected  by  the  chamber  from  the  hosts' 
cellular  defenses.   If  mice  were  given  repeated  doses  of  intact  trypano- 
somes,  and  trypanosome-chajrged  chambers  then  implanted,  there  was  no  growth. 
Since  the  mouse  white  cells  could  not  enter  the  chambers,  it  was  clear  that 
humoral  defenses  alone  could  inhibit  parasite  growth.  Finally,  preliminary 
studies  of  the  growth  of  T.  lewisi  in  chambers  in  a  number  of  rodent  hosts 
revealed  significant  differences  between  "favorable"  (rat  and  gerbil)  and 
refractory  hosts  (mouse  and  guinea  pig). 

Attention  was  again  turned  to  the  nature  of  the  factors  found  in  rat 
serum  which  promote  T.  lewisi  infections  when  infected  into  mice.  With  Dr. 
Hans  Cahnmann  we  have  successfully  separated  the  A    and  If   globulins  (by 
electrophoretic  criteria).  The  growth  factors  seem  restricted  to  a  fairly 
narrow  region  of  the  slow  &    globulins.  Though  nearly  homogeneous  by  filter 
paper  electrophoresis  and  ultracentrifugation,  Immunoelectrophoresis  reveals 
at  least  3  to  U  components.  We  are  presently  attempting  to  characterize 
further  the  components  of  the  active  fraction.   The  isolated  material  promotes 
massive  parasitemias.  A  number  of  animals  have  died  at  the  height  of  the 
infection,  which  we  have  never  observed  in  serum  supplemented  mice. 

B.  Studies  of  molecular  structure  and  drug  action. 

The  acridines  have  long  been  used  as  therapeutic  agents  for 
trypanosomiasis.   It  was  noted  by  Browning  and  Gulbranson  in  1922  that  the 
triphenylm ethyl  dyes  would  nullify  this  action  when  given  simultaneously 
with  the  acridines.   This  effect,  known  as  therapeutic  interference,  has 
never  been  explained  in  terms  of  chemical  mechanisms.   In  model  systems. 
Dr.  Norman  Sharpless  and  I  have  been  studying  the  formation  of  complexes 
between  acridines  and  triphenylemthyl  dyes.   Calculations  of  the  electronic 
densities  suggested  favorable  systems  for  interactions  of  the  pi  electrons 
between  members  of  the  two  classes  of  compoiinds.   DNA,  poly  lysine,  and 
polyglutamic  acid  have  been  used  as  "substrates"  to  study  these  interactions. 
Such  complexes  have  now  been  demonstrated  by  spectroscopy,  fluorescence 
quenching,  nuclear  magnetic  resonance,  optical  rotatory  dispersion,  and 
x-ray  powder  patterns .   Further  computational  methods  were  applied  to  seek 
correlations  between  particular  electronic  configurations  and  high  toxicity. 
The  best  correlation  was  obtained  between  those  compounds  most  active  as 
electron  acceptors.  An  hypothesis  was  developed  regarding  the  facilitated 
transport  and  specificity  of  the  acridines. 

C.  Dr.  Bojalil  has  been  analyzing  the  chromatographic  fractions  for 
protein,  DNA,  and  sugar  constituents.   Several  of  these  which  are  highly 
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antigenic  are  being  further  characterized  as  possible  immunological  reagents 
and  as  markers  in  studies  of  antigenic  variation  of  various  mycobacteria  and 
related  strains. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute; 

a)  The  species  specific  infection  offers  an  opportunity  to  develop 
an  understanding  of  the  host  nutritional  and  immune  factors  that  determine 
the  success  or  failure  of  parasitism.   Such  knowledge  will  eventually  be  of 
importance  in  developing  a  strategy  that  looks  beyond  our  present  reliance 
on  chemotherapy. 

b)  Rational  approaches  to  drug  therapy  require  a  more  complete 
knowledge  of  the  interactions  of  drugs  and  the  parasite  cellular  systems. 

Proposed  Course  of  the  Project; 

This  project  will  be  terminated  in  June  I968  due  to  the  resignation 
of  the  principal  investigator. 

Honors  and  Awards; 

Invited  lecture^  University  of  Maryland,  Department  of  Zoology,  January  I968. 

Panelist,  World  Health  Organization,  P.  A.  H.  0.  Conference  on  trypanosomiasis. 
December  1967- 

Publications; 

Greenblatt,  C.  L.,  and  Shelton,  E.;   Mouse  serum  as  an  environment  for  the 
growth  of  Trypanosoma  lewisi.   Exp.  Par as it ol.  22:   187-200,  April  1968. 
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1.  Parasitic  Diseases 

2.  Cell  Biology  and  Immunology 

3 .  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1967  through  June  30,  I968 

Project  Title:   Immunological  studies  on  toxoplasmosis  and  amoebiasis 

Previous  Serial  Number:   NIAID-125-N,  125-M 

Principal  Investigator:  Milford  N.  Lunde 

Other  Investigators:   Louis  S.  Diamond;  Harley  G.  Sheffield 

Cooperating  Units:  Medicine  Branch,  WCI-3^0i<-;  Ophthalmology  Searvice,  Walter 
Reed  General  Hospital;  Pathologic  Anatomy  Branch,  NCI- 


Man  Years  NIAID       Other  NIH      Guest        Total 

Lab.  Staff  Personnel     Workers 
Assigned  to 
Project 

1  T/12  1  T/12 

Total:  1  7/12 
Professional:  1  2/l2 
Other:  5/12 

Project  Description: 

Objectives: 

To  determine  the  prevalence  of  antibody  to  Toxoplasma  in  patients  with 
malignant  diseases;  to  differentiate  and  characterize  the  immixne  response  in 
acute  and  chronic  toxoplasmosis,  reactivated  latent  infections  and  active 
ocular  toxoplasmosis;  study  in  vitro  simultaneous  infections  by  Toxoplasma 
and  cytomegalovirus .  To  evaluate  a  skin  test  as  an  aid  in  the  diagnosis  of 
amoebiasis  in  areas  where  the  disease  is  endemic. 

Methods  Employed: 

Seri;mi  anti-toxoplasma  titers  are  determined  by  one  or  more  of  the 
following  tests;  hemagglutination  (HA),  Sabin-Feldman  dye  test,  complement- 
fixation,  and  indirect  fluorescent  antibody  (IFAT) ,  Sera  from  selected 
patients  are  fractionated  on  G-200  Sephadex  columns  to  separate  the  IgM  and 
IgG  immunoglobulins .  Quantitative  IgG,  IgA,  and  IgM  levels  are  determined 
by  radial  diffusion  in  agar  gel  immunoplates .  Toxoplasma  organisms  were 
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introduced  to  cytomegalovirus  infected  human  fibroblast  cell  cultures,  and 
allowed  to  grow  for  I8  hours .  Cells  were  examined  both  by  electron  and 
light  microscopy. 

Major  Findings; 

There  were  no  significant  differences  in  the  percentage  HA  positivity 
between  patients  with  malignant  diseases  of  the  reticuloendothelial  system 
and  otherwise  normal  populations  where  an  increased  percent  positivity  with 
age  was  observed.  Patients  with  chronic  myelogenous  leukemia  tended  to  have 
a  peculiar  propensity  for  developing  high  anti-toxoplasma  serologic  titers . 
Seroconversion  from  negative  to  positive  (usually  at  low  titers,  l:l8  and 
1:5U)  was  demonstrated  in  29  patients  whose  titers  were  followed  before  and 
after  a  series  of  blood  products  transfusions .  These  indicate  that  passive 
transfer  of  antibody  to  these  patients  was  occurring  through  the  large  volume 
of  blood  products  received.  One  patient  with  leiikemia  and  a  positive  anti- 
toxoplasma  titer  of  several  years'  duration  developed  a  high  subsequent  anti- 
toxoplasma  HA  titer  associated  with  a  concomitant  19S  (igM)  Toxoplasma  anti- 
body rise  suggesting  reactivation  of  toxoplasmosis  by  anti-neoplastic  therapy. 

Positive  anti-toxoplasma  IFAT  19S  titers  have  been  demonstrated  in 
6  patients  with  presumptive  diagnoses  of  active  ocular  toxoplasmosis.  These 
findings  and  the  positive  anti-toxoplasma  IgM  titers  obtained  in  the  leukemia 
patient  suggest  that  anti-toxoplasma  IgM  antibodies  may  not  be  restricted 
solely  to  congenital  or  acute  acquired  toxoplasmosis.  Anti-toxoplasma  IgA 
antibody  was  found  in  the  serum  of  one  patient  with  acute  acquired  toxoplas- 
mosis. Patients  with  active  ocular  toxoplasmosis  showed  elevated  globulin 
levels  in  the  eye  as  well  as  positive  anti-toxoplasma  HA  titers  in  the  aqueous 
httmor.  IgA  and  IgG  ratios  in  the  aqueous  humor  appear  to  be  similar  to  that 
found  in  the  serum. 

Indirect  fluorescent  antibody  study  of  the  cyst  of  Besnoitia  jellisoni 
indicates  that  the  cytoplasm  within  the  cyst  wall  and  containing  the  parasites, 
is  of  host  origin. 

When  human  fibroblasts,  that  were  previously  susceptible  to  Toxoplasma 
were  infected  in  vitro  with  cytomegalovirus  they  became  relatively  resistant 
to  infection  with  Toxoplasma  during  the  first  four  days  of  the  virus  infection. 
After  five  days,  the  cytomegalovirus -infected  cells  became  susceptible  to  the 
parasites.  The  toxoplasmas  replicate  in  paracentral  rosettes  surrounded  by 
host  cell  mitochondria.  This  growth  configuration  differs  from  that  seen  in 
human  fibroblasts  infected  in  vitro  with  Toxoplasma  only,  but  resembles  the 
pattern  seen  in  virus -Toxoplasma  infected  cells  found  in  human  necropsy  tissue. 
Although  the  effects  of  viruses  on  protozoan  infections  such  as  malaria  have 
been  described  for  infected  hosts,  this  represents  the  first  demonstrated 
double  infection  at  the  cellular  level  by  both  a  virus  and  a  protozoan  para- 
site of  which  we  are  aware. 

Since  the  amoebiasis  skin  test  antigen  under  study  is  derived  from 
organisms  grown  in  media  containing  lOfo  horse  serum,  a  test  for  the  presence 
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of  contaminating  horse  serum  was  necessary.  Anaphylaxis  was  elicited  by 
injecting  horse  serum  into  guinea  pigs  that  were  sensitized  with  the  skin 
test  antigen. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

A  better  understanding  of  the  immunoglobulin  responses  in  chronic  and 
reactivated  toxoplasmosis  may  lead  to  a  clearer  understanding  of  the  disease 
process  in  the  patient.  The  IgM  response  in  chronic  infections  with  relapse 
or  reactivation  has  not  been  evaluated.  This  must  be  done  before  the  signi- 
ficance of  specific  IgM  titers  in  these  patients  can  be  interpreted. 

The  curious  replication  pattern  of  Toxoplasma  parasites  in  cells 
infected  with  CMV  may  offer  some  clue  as  to  their  obligate  nutritional 
requirements.  Host  cell  mitochondria  may  be  required  by  the  parasites  as 
an  energy  source  or  serve  to  maintain  a  metabolic  gradient  within  the  para- 
site vacuole . 

A  skin  test  for  amoebiasis  will  be  useful  in  determining  prevalence 
rates  of  amoebic  infections  in  endemic  areas  as  soon  as  an  antigen  can  be 
prepared  that  is  free  from  contaminating  horse  serum.  After  evaluation  with 
clinical  and  serological  findings,  it  may  also  prove  to  be  useful  as  a  diag- 
noxtic  aid. 

Proposed  Course  of  the  Project: 

The  toxoplasmosis  studies  on  patients  with  neoplastic  diseases  has 
been  completed.  Studies  will  be  continued  on  patients  with  ocular  toxo- 
plasmosis with  the  cooperation  of  the  Ophthalmology  Service,  Walter  Reed 
General  Hospital.  A  quantitation  of  specific  immunoglobulin  changes  and 
titers  on  a  series  of  sera  from  a  patient  at  the  Clinical  Center  who  had 
acute  toxoplasmosis  will  be  made  in  cooperation  with  Dr.  John  Sheagren, 
Laboratory  of  Clinical  Investigation,  NIAID. 

Further   studies  on  viral -Toxoplasma  infected  cells  will  be  done. 
Work  will  continue  on  the  preparation  of  an  amoebiasis  skin  test  antigen  that 
is  free  from  contaminating  horse  serum  components .  The  antigen  will  then  be 
tested  in  India  as  part  of  a  PL-if80  project,  pending  approval  of  the  antigen 
by  the  Division  of  Biologies  Standards,  NIH. 

Honors  and  Awards:  None 
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The  Laboratory  continues  to  concentrate  on  research  in  malaria.   The 
same  world-wide  problems  as  existed  a  year  ago  are,  in  some  cases,  even  more 
pressing  today.   Little  progress  has  been  made  in  the  world-wide  eradication 
efforts;  indeed,  the  occurrence  of  epidemics  in  areas  once  thought  free  of 
the  disease  (e.g.  Ceylon)  is  causing  some  alarm.   Parasite  resistance  to 
chloroquine  is  widespread  in  Southeast  Asia  and  in  northern  South  America, 
and  indications  are  that  distribution  of  this  resistance  is  spreading  even 
further.   In  spite  of  concentrated  efforts  by  a  number  of  agencies,  no  new 
chemotherapeutic  agents  or  combinations  of  agents  have  appeared  which  will 
compensate  for  the  loss  of  chloroquine  as  a  universally  effective  suppressive 
agent. 

There  have  been  promising  developments  in  the  studies  on  the 
physiology  of  the  parasite  and  on  the  immunology  of  the  disease,  and 
progress  is  being  made  in  our  Laboratory  and  elsewhere  toward  closing  the 
gaps  which  still  remain  in  our  basic  knowledge  on  the  normal  relationships 
of  the  parasite  to  its  several  hosts  and  on  the  role  of  chemotherapeutic 
agents  in  altering  these  relationships.   The  basic  philosophy  of  the 
Laboratory  program  remains  the  same,  i.e.,  that  successful  studies  on  the 
chemotherapy  of  this  infection  are  inseparable  from  basic  studies  on  the 
physiology  of  the  parasite,  the  pathophysiology  of  the  infection  in  the 
mammalian  host,  and  the  immune  response  of  the  host  to  the  infection.   The 
Laboratory  continues  to  utilize  a  full  range  of  host  parasite  models  in  which 
these  studies  can  be  conducted,  including  the  malarias  of  rodents,  birds, 
simians  and  man. 

There  were  several  losses  in  the  Laboratory  staff  during  the  year. 
Dr.  William  Chin,  who  had  been  Medical  Officer  in  Charge  of  the  Unit  on 
Human  Malaria  at  the  Atlanta  Federal  Penitentiary  since  1965  transferred  to 
the  Malaria  Eradication  Branch  of  the  National  Communicable  Disease  Center 
to  take  a  research  assignment  with  the  Eradication  Program  in  Bangkok, 
Thailand.   Dr.  Joe  Held  of  the  Section  on  Primate  Malaria  in  Chamblee, 
Georgia  also  transferred  to  the  N.C.D.C.  (foreign  quarantine)  for  assignment 
through  the  Pan  American  Health  Organization  to  a  post  at  the  Zoonosis  Center 
in  Buenos  Aires,  Argentina.   Dr.  McWilson  Warren,  Head  of  the  Section  on 
Chemotherapy,  was  on  an  inservice  training  assignment  for  most  of  the  year 
to  work  with  Professor  P.C.C.  Garnham  at  the  London  School  of  Hygiene  and 
Tropical  Medicine;  he  will  be  returning  to  the  Laboratory  in  July  of  1968. 
Two  new  Medical  officers  entered  on  dutj'  in  the  Section  on  Primate  Malaria. 
Dr.  L.S.  Gell  is  particularly  interested  in  immunity  and  allergy  as  these 
relate  to  the  malaria  infection;  he  is  board  qualified  in  internal  medicine 
and  will  be  active  in  direction  of  the  volunteer  program  during  the  coming 
year.   Dr.  T.M.  Sodeman  has  completed  a  pathology  internship  and  will  become 
more  involved  in  studies  on  the  pathology  of  malaria  in  all  of  the  primate 
models.   The  consultant  arrangement  has  continued  with  Dr.  Edmund  Farrar  of 


the  Emory  University  School  of  Medicine,  and  assures  a  continuing  backup 
of  medical  services  and  specialties  for  the  volunteer  program  at  the 
penitentiary. 

The  newly  renovated  facilities  for  the  Section  on  Primate  Malaria  in 
Chamblee,  Georgia  were  ready  for  occupancy  early  in  the  year,  and,  with 
slow  progress,  are  evolving  into  satisfactory  laboratory  and  animal  space. 
The  insectaries  have  been  placed  back  in  operation  after  their  move  and  are 
producing  adequate  numbers  of  mosquitoes  for  the  program.   The  insectary  in 
Bethesda  has  been  completed  and  now  provides  an  adequate  resource  for 
utilizing  mosquito  transmission  of  the  various  malarias  being  used 
experimentally. 

The  Laboratory  staff  has  continued  to  participate  widely  in  training 
programs,  in  collaborative  research  efforts  and  in  providing  essential 
materials  for  other  investigators.   Staff  members  have  also  been  active  in 
providing  consultant  services  and  in  participation  in  activities  of 
international  and  national  agencies  outside  of  the  National  Institutes  of 
Health. 

Dr.  Jeffery  served  as  a  full  member  and  Dr.  Contacos  as  an  associate 
member  of  the  Commission  on  Malaria,  Armed  Forces  Epidemiological  Board; 
both  continue  as  members  of  the  Expert  Panel  on  Malaria,  World  Health 
Organization.   During  the  year  Dr.  Contacos  served  as  an  Advisor  to  the 
Expert  Committee  on  Malaria,  WHO,  and  as  a  Member  of  the  Scientific  Group 
on  Immunology,  WHO,  both  meeting  in  Geneva  in  September.   Dr.  Contacos  also 
served  as  a  Consultant  to  WHO  for  four  weeks,  visiting  malaria  research 
laboratories  in  Europe  and  the  Middle  East. 

Reports  on  the  research  findings  were  presented  by  staff  members  at 
regular  meetings  of  the  American  Society  of  Tropical  Medicine  and  Hygiene 
in  Philadelphia  (Drs.  Contacos,  Collins,  Jacobs  and  Sodeman)  and  the 
Helminthological  Society  of  Washington  (Dr.  Powers).   During  the  year  Dr. 
Jeffery  retired  as  Secretary-Treasurer  of  the  American  Society  of  Tropical 
Medicine  and  Hygiene,  and  was  elected  vice-president  of  the  Tropical  Medicine 
Association  of  Washington. 

The  Laboratory  has  cooperated  with  the  Naval  Medical  Research  Unit 
#3,  Field  Facility  in  Addis  Ababa,  Ethiopia,  in  establishing  a  malaria 
research  program  there.   Drs.  Warren  and  Collins  visited  Ethiopia  to  conduct 
serological  and  parasite  surveys  in  several  populations  in  the  northern 
highlands  and  to  investigate  the  potential  of  future  cooperative  studies 
with  NAMRU-3.   Staff  members  have  provided  consultation  services  to  N.C.D.C. 
in  Atlanta  in  regard  to  their  malaria  eradication  activities  and  have 
participated  in  a  variety  of  training  courses  and  seminars.   The  Section  in 
Atlanta  has  served  as  a  reference  center  for  determination  of  levels  and 
significance  of  fluorescent  antibody  titers  in  suspected  malaria  cases. 

The  several  laboratories  have  welcomed  numerous  visitors  from  other 
institutions  and  other  countries  during  the  year.   This  has  afforded  the 
opportunity  to  discuss  with  other  investigators  problems  of  mutual  interest 


and  has  also  provided  training  for  others  in  some  of  the  specialized 
technical  procedures  used  routinely  by  our  staff,  such  as  the  fluorescent 
antibody  methods,  the  rearing  of  anophelines,  the  use  of  primates  in  malaria 
research  and  the  program  for  the  use  of  volunteers  in  malaria  research. 

The  cooperative  program  has  been  continued  with  the  National 
Zoological  Park  in  Washington,  aiding  their  staff  in  the  diagnosis  and 
treatment  of  parasitic  infections  in  various  species  of  birds  and  mammals, 
and  providing  this  laboratory  with  information  on  such  parasitism  and  with 
new  parasite  materials  for  study. 

Generally  speaking,  the  Laboratory  continues  to  provide  leadership 
in  the  areas  under  study,  not  only  in  the  program  of  research  but  also  in 
the  wide  contributions  of  staff  members  to  associated  activities  outside 
the  Laboratory. 

The  significant  progress  which  has  been  made  during  the  year  in  the 
problems  under  investigation  is  summarized  below. 

MALARIA  -  HUMAN  The  volunteer  program  at  the  Atlanta  Federal 

Penitentiary  continues  to  provide  an  important 
resource  for  the  accomplishment  of  needed  research  in  malaria.   Studies 
have  been  continued  on  the  effectiveness  of  chemotherapeutic  regimens,  on 
the  susceptibility  of  man  to  the  malarias  of  lower  primates,  and  on  the 
relation  of  the  malaria  parasite  to  its  human  host. 

One  of  the  truly  exciting  findings  during  the  year  concerned  the 
transmission  of  a  human  malaria,  P.  falciparum,  to  a  simian  host  and  its 
subsequent  transmission  back  to  man  by  means  of  infected  mosquitoes.   This 
experimental  transmission  has  long  been  sought  by  investigators  but  is 
hitherto  unreported.   The  Malayan  IV  strain  of  P.  falciparum  (resistant  to 
chloroquine  and  pyrimethamine)  was  transmitted  in  infected  blood  from  a 
volunteer  to  an  owl  or  night  monkey  (Aotus  trivirgatus) ;  after  similar 
transmission  to  a  second  Aotus,  mosquitoes  were  infected  to  the  sporozoite 
stage  and  fed  on  a  volunteer.   The  patent  infection  developed  after  11  days. 
This  finding  is  not  only  important  from  the  point  of  view  of  providing  a 
simian  reservoir  for  study  of  the  parasite  and  for  infecting  mosquitoes  for 
subsequent  passage  to  man,  but  also  may  have  significant  implications 
relative  to  the  control  and  eradication  of  malaria.   Studies  are  continuing, 
with  emphasis  on  completing  the  cycle  of  transmission  from  monkey  to  man 
and  back  to  monkey,  through  the  bites  of  infected  mosquitoes.   Additional 
strains  will  be  adapted  to  the  monkeys  for  use  in  the  studies  on  the  human 
malarias. 

Studies  have  been  continued  on  recently  isolated  strains  of  human 
malarias,  comparing  them  to  standard  strains  in  their  life  patterns  and 
sensitivity  to  curative  drugs.   These  have  included  strains  of  P.  vivax 
from  South  Vietnam,  Thailand,  and  Pakistan.   The  strains  from  Southeast  Asia 
appear  to  be  quite  similar  to  the  standard  Chesson  strain  in  life  pattern, 
i.e.,  early  and  frequent  relapses.   The  Pakistan  strain  seems  to  differ, 
relapsing  much  later  and  probably  less  frequently,  perhaps  being  similar  to 


the  St.  Elizabeth  or  Korean  strains  studied  in  the  past  and  termed 
"temperate  zone"  strains. 

Because  of  the  growing  problem  with  relapsing  vivax  malaria  in 
returnees  from  Vietnam,  studies  are  being  done  on  the  efficacy  of  the 
standard  curative  and  prophylactic  regimens  of  chloroquine -primaquine  being 
used.   Parallel  studies  are  being  done  on  the  Chesson  strain  for  comparison. 
Eight  doses  of  chloroquine-primaquine  at  weekly  intervals  appeared  to  protect 
all  of  10  volunteers  so  treated  and  to  cure  6  others  given  the  same  regimen 
therapeutically.   In  the  Chesson  vivax  group  similarly  treated,  2  of  3  were 
not  protected,  which  is  approximately  the  response  which  was  expected  based 
on  earlier  work  with  this  strain.   Thus  it  appears,  at  least  with  the  strain 
used,  P.  vivax  from  Vietnam  can  be  prevented  or  cured  with  this  regimen, 
suggesting  that  the  cases  which  are  occurring  may  be  due  to  failure  to  take 
the  prescribed  drug. 

Liver  function  studies  have  been  done  in  all  volunteers  infected  with 
malaria  and  data  is  being  accumulated.   The  only  consistent  finding  to  date 
is  an  elevation  of  SCOT  and  SGPT  which  appears  related  to  a  rise  in 
parasitemia.   Continued  collection  of  results  should  provide  significant 
information  on  other  deviations  from  the  normal. 

Basic  information  is  collected  on  the  host  response  in  every  case  of 
induced  malaria,  including  FA  titers,  serum  protein  levels,  etc.   This  is 
providing  a  volume  of  information  which  will  be  most  valuable  in  the  study 
of  the  immune  processes  in  the  malaria  infection  in  man. 

MALARIA  -  SIMIAN  Plasmodium  schwetzi  is  a  tertian  malaria 

parasite  of  the  chimpanzee  which  has  long  been 
considered  to  be  very  similar  to  P.  vivax,  if  not  actually  a  subspecies  of 
vivax.   This  species  was  transmitted  to  two  Caucasian  volunteers  by  the  bites 
of  A.  balabacensis  mosquitoes  fed  on  an  infected  chimp.   The  infection  was 
induced  in  9  additional  volunteers  by  the  passage  of  parasitized  blood  from 
those  previously  infected.   The  course  of  the  infection  and  morphology  of  the 
parasites  in  man  have  been  recorded  and,  along  with  immunological  relation- 
ships, may  help  to  establish  the  specific  identity  of  this  parasite.   It 
seems  likely  that  it  may  be  a  significant  zoonosis  in  the  areas  of  Africa 
where  it  occurs,  although  in  our  experience  attempts  to  infect  two  Negro 
volunteers  have  failed. 

Two  additional  strains  of  P.  cynomolgi  have  been  induced  successfully 
into  volunteers,  one  a  recent  isolate  from  the  National  Zoo  in  Washington, 
and  the  other  a  parasite  with  which  it  had  not  previously  been  possible  to 
establish  a  human  infection.   It  would  appear  that  with  this  species,  there 
is  a  widespread  compatibility  for  infection  of  man,  and  it  must  be  considered 
a  potential  zoonosis  throughout  its  range.   Continued  failure  to  transmit 
_P.  fieldi  and  an  additional  strain  of  P.  inui  to  man  suggest  that  the  same 
conclusion  would  not  be  valid  for  these  species. 

Further  studies  have  been  conducted  by  Dr.  T.M.  Sodeman  on  the 
exo-erythrocytic  stages  of  five  species  of  simian  malaria.   In  four  of  these. 


previously  undescribed  stages  were  identified,  and  it  was  further  concluded 
that  there  were  no  characteristic  morphologic  differences  which  would  permit 
species  identification  based  on  the  EE  stages.   Continued  studies  on  the 
effect  of  the  new  antimalarial  compound,  RC-12,  on  the  EE  stages  of  F. 
cynomolgi  indicate  marked  degenerative  changes  in  these  forms  in  treated 
animals.   Morphologic  changes  have  been  correlated  with  dosages  of  drug 
sufficient  for  prophylaxis  or  cure  of  the  infection,  and  studies  are  going 
forward  on  the  minimum  dosages  necessary  to  yield  the  desired  effect.   From 
these  studies,  valuable  information  can  be  obtained  on  the  prospective  use 
of  this  drug  in  human  malarias. 

Dr.  T.M.  Sodeman  is  expanding  the  study  on  the  pathophysiology  of 
renal  involvement  in  malaria,  utilizing  the  simian  infections  as  experimental 
models.   Renal  function  studies  will  be  carried  out  before,  during  and  after 
infection  and  during  the  chronic  stages  of  infection.   Renal  biopsies  will 
be  done  to  evaluate  histologic  changes  as  a  basis  for  the  physiological 
alterations.   Particular  emphasis  is  being  placed  on  the  glomerular  basement 
membrane  and  on  antibody  deposits.   These  studies  have  been  initiated  recently 
and  no  significant  findings  are  yet  available. 

Dr.  Sodeman  is  also  investigating  the  usefulness  of  fluorochrome 
stains,  both  for  the  purpose  of  visualizing  rare  parasites  in  blood  and  other 
tissue  preparations  and  to  determine  the  normal  distribution  of  nucleic  acids 
in  the  various  stages  of  the  parasite  and  the  effect  of  antimalarial  drugs 
on  these  nucleic  acids. 

Work  has  continued  somewhat  more  slowly  on  the  monograph  on  "The 
Biology  of  the  Primate  Malarias",  because  of  Dr.  Warren's  absence  for  most 
of  the  year.   The  pictorial  material  is  virtually  complete,  and  much  of  the 
text  material  is  in  draft  form.   During  Dr.  Warren's  assignment  at  the  London 
School  of  Hygiene  and  Tropical  Medicine  he  has  been  engaged  in  cooperative 
research  projects  with  staff  members  there  on  the  life  patterns  of  some  of 
the  simian  malarias;  these  long-range  studies  will  be  continued  after  his 
return  to  this  Laboratory. 

ENTOMOLOGICAL  STUDIES        Five  to  seven  species  of  Anopheles  have  been 

maintained  in  colonies  during  the  year  by  Dr. 
W.E.  Collins  and  his  staff.   The  newly  located  insectary  has  been  stabilized 
and  conditions  have  been  satisfactory  for  the  production  of  adequate  numbers 
of  mosquitoes  for  all  needs  of  the  Laboratory.   Two  of  the  anopheline  species 
(A.  maculatus  and  A.  balabacensis)  have  been  maintained  by  artificial  breeding 
methods. 

Additional  transmissions  through  mosquitoes  were  demonstrated  for  nine 
strains  or  species  of  simian  malaria,  with  recording  of  the  details  of  pre- 
patency  and  infection  in  the  simian  host.   Studies  have  continued  on  the 
patterns  of  infectivity  to  mosquitoes  of  several  of  the  simian  species. 
Additional  evidence  has  been  obtained  on  the  role  of  splenectomy  in  increasing 
the  infectivity  of  P.  fieldi  to  A.  freeborni  and  A,  balabacensis  mosquitoes. 
In  similar  studies,  the  use  of  an  immunosuppressant  (Immuran)  failed  to 
enhance  the  infectivity  of  the  parasite  to  the  same  mosquitoes. 


studies  have  been  completed  on  the  sporogonic  cycle  of  ^.  cynomolgi 
(B  strain),  P.  siinium,  P.  schwetzi,  P.  knowlesi  and  P,  vivax,  using  all  of 
the  species  of  Anopheles  available,  and  are  continuing  on  all  other  species 
of  primate  malaria.   Different  rates  of  development  among  the  species  and 
variability  in  the  maximum  size  of  oocysts  and  other  characteristics  indicate 
that  there  are  patterns  of  development  characteristic  to  each  species  of 
Plasmodium,  which  will  be  an  aid  in  determining  speciation  within  this  genus. 

IMMUNOLOGICAL  STUDIES         Studies  on  the  immunology  of  malaria  continue 

to  make  up  an  important  part  of  the  Laboratory 
program.   These  studies  have  involved  the  entire  range  of  hosts  and  parasites 
available  to  us,  and  include  a  wide  range  of  interests,  from  basic  analysis 
of  antigens  to  relationship  of  antibody  to  ecology  of  the  human  disease  in 
endemic  areas. 

Drs.  P.G.  Contacos  and  L.S.  Cell  have  continued  the  immuno- 
electrophoretic  analysis  of  the  antigens  of  the  primate  malarias.   Results 
have  varied,  depending  on  the  source  of  antigen.   As  many  as  six  precipitin 
arcs  can  be  demonstrated  when  the  antigen  is  derived  from  the  crushed  para- 
site; however,  only  three  arcs  are  seen  when  the  soluble  antigen  from 
ruptured  parasitized  erythrocytes  is  used.   It  is  of  interest  that  precipitin 
arcs  are  seen  only  when  antigens  are  reacted  against  serum  from  artificially 
immunized  animals  and  not  against  serum  from  animals  with  normal  malarial 
experience  resulting  in  immunity;  in  these  latter  animals  antibody  titers 
may  be  high,  as  demonstrated  by  the  indirect  FA  test. 

Active  and  passive  immunization  in  the  monkey  malarias  have  been 
attempted  using  immune  gamma  globulin  and  variously  derived  antigenic 
preparations.   In  no  case  could  there  be  found  significant  differences  in 
the  prepatent  periods,  parasitemia  patterns,  or  maximum  parasite  counts 
between  normal  and  "immunized"  hosts,  despite  the  demonstrable  presence  in 
the  latter  of  precipitating  and  fluorescing  antibody.   In  the  studies  done 
thus  far  it  would  appear  that  the  circulating  antibody  measurable  by  the 
indirect  FA  test  or  as  a  precipitating  antibody  is  not  of  major  importance 
in  protection  of  the  host  against  the  malaria  infection. 

Similar  studies  are  being  done  by  Dr.  McWilson  Warren  utilizing  P. 
gallinaceum  infections  in  chickens,  and  particularly  the  exo-erythrocytic 
forms  in  embryonic  liver  culture.  Analysis  of  extracts  of  these  forms  is 
being  continued  using  a  method  of  disc  electrophoresis;  distinct  parasite 
fractions  can  be  identified  and  further  analysis  and  identification  are 
proceeding.  Parasite  antigens  from  the  exo-erythrocytic  forms  may  differ 
from  those  seen  in  other  stages  and  may  be  useful  as  agents  for  active 
immunization  of  the  host. 

Active  immunization  of  chicks  by  injection  of  soluble  antigen  from 
lyophilized  infected  embryonic  liver  has  been  successful  in  preventing  the 
establishment  of  infection  by  sporozoite  inoculation  in  25  percent  of  the 
chicks  treated.   Such  studies  are  being  continued,  using  extracts  of  infected 
spleen  as  well  as  liver,  and  serum  from  the  immunized  animals  is  being 
tested  for  inhibitory  activity  in  cultures  of  EE  stages  in   vitro.   Efforts 


will  be  ,inade  to  identify  by  various  methods  of  electrophoresis  the  particular 
antigen  fractions  which  may  be  responsible  for  the  immunogenesls  seen  in  the 
chicks. 

The  study  by  Dr.  Powers,  in  collaboration  with  Dr.  Finerty  of  LGAR, 
on  the  immune  response  in  simian  malaria  during  a  long  extended  relapsing 
and  chronic  infection  has  been  continued  during  the  year.   Immunoglobulins 
are  being  quantitated  as  pure  fractions  become  available  for  use  as 
standards.   Characteristic  IgG  levels  are  associated  with  the  onset  and 
termination  of  parasitemias. 

Dr.  Collins  has  continued  to  use  the  fluorescent  antibody  methods  to 
determine  the  dynamics  of  host  response  to  the  malaria  infection  in  man  and 
monkey.   Monkey  malaria  infections  of  short  duration  usually  result  in  high 
levels  of  response  which  persist  for  very  short  periods.   In  the  Relapsing 
malaria,  P.  cynomolgi,  characteristic  patterns  of  antibody  rise  and  fall 
accompany  each  relapse  episode,  making  possible  the  determination  of 
infection  history  merely  by  observing  the  antibody  response  patterns.   The 
FA  method  has  been  applied  to  a  study  of  the  immune  globulins  in  human 
malaria.   Over  1,000  sera  from  human  volunteers  were  tested  after  varying 
periods  of  infection  employing  fluorescein  labeled  antisera  to  the  three 
specific  immune  globulins  (IgM,  IgA,  and  IgG).   The  results  indicate  an 
early  rise  to  high  levels  of  the  IgG  fraction,  with  longest  persistence 
after  termination  of  the  infection.   The  IgM  fraction  also  rose  early  to  a 
high  level  but  rapidly  decreased  in  its  level  of  response.   In  some  cases 
a  secondary  episode  of  malaria  failed  to  elicit  a  rise  in  the  IgM,  although 
the  IgG  again  increased  sharply.   The  IgA  fraction  exhibited  only  minimal 
levels  of  response.   These  differential  responses  may  make  possible  a  more 
accurate  estimation  of  past  malarial  history  in  subjects  from  malarious 
areas. 

Dr.  Collins  is  exploring  the  use  of  the  FA  method  as  an  aid  in  the 
identification  of  strains  and  species  in  parasite  complexes  which  are  now 
designated  as  a  single  species.   Fifteen  isolates  of  "Plasmodium  inui"  from 
sites  ranging  from  India  to  the  Philippines  were  subjected  to  antigen- 
antibody  cross-testing.   A  wide  variation  in  response  was  seen.   Several 
isolates  cross-reacted  with  nearly  all  of  the  other  antigens  and  may  qualify 
as  the  stem  strains  of  the  species.   At  least  two  of  the  isolates  were 
immunologically  distinct  and  might  be  considered  separate  species,  or  at 
least  sub-species. 

Drs.  Collins  and  Warren  completed  the  analysis  of  the  studies  in 
Malaysia  and  have  concluded  that  the  FA  technique  can  be  most  useful  in 
providing  information  on  the  current  and  past  prevalence  of  malarias  in  a 
given  ecological  situation.   During  the  year  these  investigators  collaborated 
with  the  Naval  Medical  Research  Unit  #3  to  collect  sera  from  about  1,200 
people  in  the  north  central  highlands  of  Ethiopia.   Blood  films  and  other 
data  were  also  collected,  and  the  results  of  this  survey  are  virtually 
complete.   As  was  expected,  the  higher  proportion  of  positive  responses  were 
in  areas  with  altitudes  lower  than  6,000  feet;  the  higher  altitudes  yielded 
only  3.6  percent  with  positive  FA  endpoints,  while  32.3  percent  were  positive 


at  about  5,000  feet.   Parasitological  data  confirmed  these  attack  rates, 
and  the  studies  seem  to  suggest  that  the  highland  areas  of  Ethiopia  are 
subject  to  the  risk  of  further  epidemics  of  malaria,  with  adjacent  lower 
areas  serving  as  the  foci  for  these  epidemics. 

CHEMOTHERAPEUTIC  STUDIES      Test  systems  for  evaluation  of  new  anti- 
malarials were  maintained  by  Dr.  K.  Powers 
during  the  year  and  were  useful  in  the  investigation  of  a  new  series  of 
compounds  related  to  the  antibiotic,  lincomycin.   Three  chlorinated  analogs, 
U-21,251  F  (7-chlorolincomycin),  U-24,729  A  (7  chloro  N-demethyl  4'-pentyl 
analog)  and  U-26,285  A  (7  chloro  N-demethyl  analog)  were  extensively 
evaluated  for  antimalarial  activity  in  mice,  chickens  and  monkeys.   All 
three  of  the  compounds  were  effective  in  all  systems  utilized;  U-21,251  F 
was  also  tested  against  strains  of  P.  berghei  resistant  to  maximum  tolerated 
doses  of  chloroquine,  primaquine  or  quinine  and  showed  an  effect  equal  to 
that  seen  in  the  normal  strain.   Prophylactic  activity  in  sporozoite- 
inoculated  P.  gallinaceum  in  chickens  and  curative  activity  in  blood- 
inoculated  P.  cynomolgi  in  monkeys  suggest  a  possible  usefulness  of  these 
compounds  as  antimalarials,  and  further  tests  in  monkeys  and  in  man  are 
being  considered.   Considerable  safety  and  toxicity  information  on  U-21,251  F 
in  man  has  already  been  obtained  by  Upjohn  Laboratories;  however,  it  appears 
that  similar  information  will  be  needed  for  U-24,729  A,  the  most  effective 
of  the  three,  before  testing  in  man  can  be  contemplated. 

Dr.  R.  Jacobs  has  continued  studies  on  the  selection  and  persistence 
of  drug-resistance  in  the  rodent  malarias,  using  all  of  the  major  classes 
of  accepted  antimalarial  compounds.   Major  attention  during  the  past  year 
has  been  focused  on  the  chloroquine-resistant  strain,  with  extension  of 
observations  into  several  new  areas.   The  strain  which  was  maintained  under 
drug  pressure  for  60  consecutive  blood  passages  in  mice  (CR-60) ,  and  which 
was  resistant  to  the  maximum  tolerated  dose  of  chloroquine,  has  retained 
this  high  degree  of  resistance  through  122  untreated  passages  in  mice  over 
a  period  of  more  than  two  years.   The  strain  has  been  tested  at  every  fourth 
untreated  passage  for  sensitivity  to  chloroquine  and  no  detectable  decline 
in  resistance  has  been  seen.   Initially,  chloroquine-resistant  strains  of 
P.  berghei  were  reputed  to  be  unstable;  our  present  information  indicates 
that,  if  retained  under  drug  pressure  long  enough  (e.g.  60  passages),  the 
resistant  strain  shows  adequate  stability  for  its  drug  resistant  and  other 
linked  characteristics. 

Drs.  Powers  and  Jacobs  have  attempted  to  produce  a  strain  of  P. 
vinckei  similarly  resistant  to  chloroquine,  but  have  encountered  a  markedly 
different  response.   The  parent  strain  of  P.  vinckei  was  passaged  100  times 
under  drug  pressure  without  becoming  resistant.   However,  beginning  with  a 
strain  which  had  already  been  selected  as  resistant  to  pyrimethamine, 
maximum  resistance  to  chloroquine  developed  after  about  30  treated  passages. 
This  resistant  strain  differs  from  the  chloroquine-resistant  P.  berghei  in 
the  absence  of  associated  strain  alterations.   The  resistant  P.  vinckei 
possesses  normal  amounts  of  pigment  and  the  pathogenicity  and  magnitude  of 
parasitemias  appear  to  be  equal  to  the  normal  strain.   In  these  respects, 
this  strain  appears  to  be  more  similar  to  the  chloroquine-resistant  P. 


falciparum  In  man  than  does  P.  berghei,  and  may  offer   a  better  model  for 
the  study  of  chloroqulne  resistance. 

PHYSIOLOGICAL  STUDIES        Studies  on  the  effects  of  antimalarials  on 

the  metabolism  of  normal  and  drug-resistant 
malaria  parasites  were  continued  by  Dr.  K.O.  Phifer  and  were  extended  to 
include  the  utilization  of  exo-erythrocytic  forms  of  P.  gallinaceum  in 
embryonic  liver  tissue.   Os^gen  uptake  studies  of  infected  liver  tissue 
indicated  that  there  was  little  or  no  reduction  of  uptake  in  the  presence 
of  relatively  high  concentrations  of  chloroquine;  however,  when  primaquine 
was  introduced  there  was  a  significant  reduction  in  respiratory  metabolism, 
a  result  which  was  to  be  expected  in  view  of  the  known  effect  of  this  drug 
on  exo-erythrocytic  forms.  Although  the  chloroquine  does  not  affect  the 
respiratory  metabolism  and  is  therapeutically  ineffective  in  the  exo- 
erythrocytic  stages,  it  is  actively  taken  up  by  the  infected  liver  tissue. 
This  uptake  could  be  inhibited  with  iodoacetate  and  hematin  (malarial 
pigment),  but  not  with  phlorizin  or  arsenate. 

Studies  on  the  relationship  of  parasite  pigment  to  drug  effect  have 
continued  to  suggest  the  role  of  this  pigment  in  the  negation  of  drug  uptake 
and  effect.  The  absence  of  chloroquine  uptake  and  effect  in  non-pigmented 
parasites,  such  as  Babesia,  chloroquine- resistant  P.  berghei  and  exo- 
erythrocytic  stages  of  P.  gallinacevnn.  appears  to  confirm  this  conclusion. 
Further  studies  on  chloroquine-resistant  strains  of  P.  vinckei  and  P. 
falciparum  may  shed  some  light  on  such  relationships  in  resistant  strains 
when  pigment  is  present.   It  seems  apparent  at  this  point  that  chloroquine 
resistance  may  operate  via  different  mechanisms  in  different  malaria  species. 

Dr.  Jacobs  has  investigated  the  development  of  the  normal  and 
chloroquine-resistant  strains  in  mice  characterized  by  reticulocytosis, 
brought  about  with  phenylhydrazine,  and  polycythemia,  induced  by  repeated 
transfusions.   Growth  of  the  resistant  strain  appears  to  be  favored  by  the 
presence  of  a  reticulocytosis  and  inhibited  in  the  polycythemic  mice  where 
reticulocytes  are  few  in  number.   Although  the  normal  strain  is  also  favored 
by  the  presence  of  reticulocytes,  the  results  indicate  a  greater  essentiality 
of  these  host  cells  for  the  resistant  strain. 

A  cooperative  project  of  Dr.  K.O.  Hiifer  (LPC)  and  Dr.  G.  Pacheco 
(LPD)  has  been  initiated  to  investigate  the  metabolism  of  microfilariae  of 
Dirofilaria  immitis  and  Litosomoides  carinii  and  the  mode  of  action  of 
anthelmintics  which  have  an  effect  on  these  parasites-   Preliminary  findings 
have  shown  both  aerobic  and  anaerobic  respiratory  activity  in  these  forms. 
The  drug,  hetrazan,  had  no  effect  on  oxygen  uptake,  but  did  inhibit  the 
uptake  of  glucose  in  both  species.   Studies  on  these  parasite  systems  are 
continuing,  with  the  hope  of  expanding  our  knowledge  of  the  dynamics  of 
drug  action  at  the  surface  of  the  worm. 
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Project  Description: 


This  project  furnished  certain  technical,  supervisory  and 
administrative  services  to  all  research  projects  in  the  Laboratory,  as 
follows : 

a)  Over-all  planning  of  research  and  the  coordination  of  research 
activities  in  the  various  Sections  of  the  Laboratory. 

b)  Integration  of  Laboratory  research  activities  with  studies  of 
other  Laboratories  of  NIAID. 

c)  Supervision  over  personnel,  maintenance,  travel,  and 
correspondence . 

d)  Requisitioning  and  supervision  of  equipment  and  supplies. 

e)  Preparation  of  reports,  budget  estimates,  and  exhibits  and 
other  public  relations  materials. 
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f)  Maintenance  of  reference  library,  reprint  files,  card 
catalogues,  and  specimen  collections. 

g)  Consultatory  services  to  individuals,  commercial  organizations, 
non-governmental  organizations,  government  agencies  including  liaison 
activities  with  other  branches  of  the  Service,  foreign  governments,  and 
international  agencies . 

h)   Reviewing,  editing,  and  revising  scientific  and  technical 
reports  and  manuscripts . 

Progress  on  research  projects  is  discussed  periodically  and,  when 
necessary,  projects  are  discontinued,  revised  or  initiated  to  meet  current 
objectives . 

During  the  past  year  there  have  been  several  changes  in  assignment 
of  personnel : 

Dr.  McWilson  Warren  was  assigned  for  an  academic  year  at  the  London 
School  of  Hygiene  and  Tropical  Medicine  to  work  with  Professor  P.C.C. 
Garnham.   Dr.  Richard  Jacobs  served  as  acting  head  of  the  Section  on 
Chemotherapy  during  his  absence. 

Drs .  L.  S.  Cell  and  T.  M.  Sodeman  were  appointed  to  the  staff  of 
the  Section  on  Primate  Malaria  in  Atlanta-Chainblee . 

Dr.  William  Chin  transferred  from  the  position  as  Medical  Officer 
in  Charge  of  the  Unit  on  Human  Malaria  to  the  National  Communicable 
Disease  Center  to  accept  an  assignment  in  Bangkok,  Thailand.   Dr.  Marvin 
Jeter  was  appointed  Medical  Officer  in  Charge . 

Dr.  Joe  Held  transferred  from  the  Unit  at  Chamblee,  Georgia,  to 
the  National  Communicable  Disease  Center  to  accept  an  assignment  through 
PAHO  at  the  Zoonosis  Center  in  Buenos  Aires,  Argentina. 

Consultative  arrangements  were  maintained  with  Dr.  Edmund  Farrar 
of  the  Department  of  Preventive  Medicine,  Emory  University  School  of 
Medicine  for  the  Unit  on  Human  Malaria. 

Cooperative  studies  have  been  continued  with  staff  members  of  LGAR 
on  immunology  of  malaria  and  of  LPD  on  schistosomiasis  in  the  monkey. 

The  research  program  of  the  Laboratory  and  the  participation  of 
staff  members  in  professional  affairs  outside  of  NIH  have  continued  to 
act  favorably  on  the  scientific  community.   Contributions  of  the  staff 
to  new  knowledge  in  their  fields  of  interest  have  been  exemplary,  as 
described  in  the  Individual  Project  Reports  which  follow. 
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Honors  and  Awards 

Geoffrey  M.  Jeffery 

Retired  after  his  second  three-year  term  as  Secretary-Treasurer 
of  the  American  Society  of  Tropical  Medicine  and  Hygiene. 

Continues  as  Member,  Expert  Advisory  Panel  on  Malaria,  World  Health 
Organization. 

Appointed  Full  Member,  Commission  on  Malaria,  Armed  Forces 
Epidemiological  Board. 

Elected  Vice-President,  Tropical  Medicine  Association  of 
Washington,  D.C. 

Advisor  to  PAHO  on  use  of  repository  drugs  for  malaria  control, 
August,  1967  and  February,  1968. 

Continued  as  Member,  Advisory  Scientific  Board,  Gorgas  Memorial 
Institute. 

Peter  G.  Contacos 

Continues  as  Member,  Expert  Advisory  Panel  on  Malaria,  World  Health 
Organization. 

Continues  as  Associate  Member,  Commission  on  Malaria,  Armed  Forces 
Epidemiological  Board. 

Continues  as  Member,  Interagency  Board  of  U.S.  Civil  Service 
Examiners  for  North  Georgia. 

Advisor  to  Expert  Committee  on  Malaria,  World  Health  Organization, 
Geneva,  September,  1967. 

Member,  Scientific  Group  on  Immunology,  World  Health  Organization, 
Geneva,  September,  1967. 

Consultant,  World  Health  Organization,  to  visit  malaria  research 
laboratories  in  Europe  and  the  Middle  East,  September-October,  1967. 

Awarded  the  Commendation  Medal,  Public  Health  Service. 

Mc Wilson  Warren 

Consultant  to  the  National  Zoological  Park,  Washington,  D.C. 

Consultant  to  the  Naval  Medical  Research  Unit  #3,   Cairo. 
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Publications : 

Jeffery,  G.  M.:   Epidemiological  Significance  of  Repeated  Infections 
with  Homologous  and  Heterologous  Strains  and  Species  of  Plasmodium. 
WHO  Bulletin,  35:  873-882,  1966. 

Warren,  M.:   Book  Review,  Malaria  Parasites  and  Other  Haemosporidia , 
Garnham,  P.C.C.,  Oxford,  Blackwell  Scientific  Publications,  1966,  1114  pp. 
Trop.  Med.  &  Hyg .  News,  16:  21-22,  1967. 

Jeffery,  G.  M,  :   Contributions  of  the  Public  Health  Service  in 
Tropical  Medicine.   Part  II.   Bull.  New  York  Academy  Med.   (In  Press). 

Contacos,  P.  G.,  and  Chin,  W.  :   "Malaria"'  in  Current  Diagnosis 
Second  Edition  (In  Press)  . 

Contacos,  P.  G.,  and  Coatney,  G.  R.:   "Malaria",  Chapter  61  in 
Communicable  and  Infectious  Diseases,  edited  by  Franklin  H.  Top  (In  Press) . 
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1.  Parasite  Chemotherapy 

2.  Chemotherapy 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 


Project  Title:   Experimental  Chemotherapy  of  Malaria 

Previous  Serial  Number:   Same 

Principal  Investigator:   Kendall  G.  Powers 

Other  Investigators:   Richard  L.  Jacobs 

Cooperating  Units:   None 

Man  Years: 

NIAID        Other  NIH 

Lab.  Staff   Personnel   Guest  Workers   TOTAL 
Assigned 

Total  1  10/12  1  10/12 

Professional       10/12  10/12 

Other  1  1 

Project  Description: 

Objectives :   To  investigate  the  potential  antimalarial  activity  of 
various  compounds  and  to  study  mechanisms  of  drug  resistance. 

Methods  Employed:   Compounds  with  some  degree  of  antimalarial 
activity  are  evaluated  orally  and  intraperitoneally  in  mice  infected  with 
Plasmodium  berghei.   Efficacy  is  based  on  the  percentage  of  infected 
erythrocytes  on  the  4th  and  7th  post-therapeutic  days  in  treated  mice  as 
compared  to  untreated  controls.   When  levels  of  activity  warrant,  compounds 
are  then  further  tested  against  blood-  and  sporozoite- inoculated  P. 
gallinaceum  infections  in  chickens  and  P.  cynomolgi,  P.  knowlesi  and/or  P. 
coatneyi  infections  in  rhesus  monkeys.   Compounds  are  also  tested  against 
strains  of  P.  berghei  which  are  resistant  to  chloroquine,  pyrimethamine, 
quinine,  DDS  or  certain  long-acting  sulfonamides. 

A  strain  of  P.  vinckei  resistant  to  chloroquine  is  currently  being 
selected.   A  modification  of  the  technique  previously  used  with  success  in 
this  laboratory  to  develop  chloroquine-resistant  P.  berghei  (rapid  passage 
under  continuous  drug  pressure)  is  being  used  to  select  this  strain. 


14 


Serial  No.   NIAID-131 

Major  Findings:   Three  chlorinated  lincomycin  analogs,  U-21,251  F 
(7-chlorolincomycin) ,  U- 24, 729  A  (7-chloro  N-demethyl  4'-pentyl  analog)  and 
U-26,285  A  (7-chloro  N-demethyl  analog)  have  been  evaluated  for  anti- 
plasmodial  activity  in  mice,  chickens  and  monkeys.   In  mice,  all  of  these 
compounds  were  curative  when  tested  against  the  normal  strain  of  V.    berghei. 
U-21  was  further  tested  against  strains  of  jP.  berghei  resistant  to  maximum 
tolerated  doses  of  chloroquine,  primaquine  and  quinine.   The  compound 
appeared  equally  effective  against  these  resistant  strains  as  against  the 
normal  parent  strain.   In  chickens,  all  three  compounds  protected  birds 
against  sporozoite-inoculated  P.  gallinaceum  infections  when  administered 
orally  for  4  days  starting  on  the  day  of  sporozoite  inoculation.   U-21 
was  further  tested  against  blood- inoculated  _P.  gallinaceum.   Levels  as 
high  as  200  mg/kg  x  4  were  not  curative,  but  did  clear  the  infection  for 
several  weeks.   In  limited  trials  in  monkeys,  U-21,  U-24  and  U-26  were 
curative  for  blood-inoculated  P.  cynomolgi  when  administered  orally  at 
levels  ranging  from  50  to  100  mg/kg  for  five  consecutive  days.   Subcutaneous 
dosages  of  U-24  and  U-26  (25-50  mg/kg  x  5)  were  also  curative.   Safety  and 
toxicity  information  on  U-21  in  man  obtained  by  Upjohn  Laboratories  indicated 
that  a  daily  oral  dose  of  25  mg/kg  given  for  14  days  was  well  tolerated  in 
human  trials. 

Drug  resistance  has  been  induced  in  F.    berghei  with  relative  ease, 
while  a  markedly  different  situation  i^as  arisen  with  similar  studies  on  the 
closely  related  species,  P.  vinckei.   The  two  are  similar  morphologically 
and  both  readily  infect  mice  with  a  high  degree  of  pathogenicity.   The 
application  of  the  same  technique  that  produced  chloroquine-resistant 
strains  of  ^.  berghei  has  been  ineffective  when  applied  to  P.  vinckei. 
The  parent  strain  of  P.  vinckei  was  blood-passaged  100  times  under  drug 
pressure  without  becoming  resistant.   However,  we  were  able  to  select  a 
strain  of  P.  vinckei  resistant  to  the  maximum  tolerated  dose  (MTD)  of 
chloroquine  by  starting  with  a  strain  resistant  to  the  MTD  of  pyrimethamine. 
To  our  knowledge  this  is  the  first  time  a  chloroquine-resistant  strain  of 
P.  vinckei  has  been  selected.   It  is  possible  that  this  strain  of  P.  vinckei 
might  offer  some  advantage  over  _P.  berghei  in  studying  the  mechanism  of 
chloroquine  resistance  in  P.  falciparum.   Chloroquine-resistant  strains  of 
P.  vinckei  and  P.  falciparum  appear  similar  in  that  they  both  still  possess 
pigment,  pathogenicity  does  not  appear  altered,  nor  is  the  magnitude  of 
parasitemias  lessened.   Contrarywise,  the  chloroquine-resistant  strain  of 
P.  berghei  does  not  possess  pigment,  is  less  pathogenic  and  maximum  para- 
sitemias are  much  lower  in  resistant  than  in  the  normal  parent  strain. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

Drug  resistance  in  human  malaria  has  reached  a  stage  of  critical 
importance  in  many  areas  of  the  world,  and  there  is  a  continuing  and  urgent 
need  for  the  development  of  new  antimalarial  compounds.  The  lincomycin 
analogs  may  offer  promise  in  this  area.  In  addition  to  its  causal  pro- 
phylactic and  therapeutic  activity  against  normal  plasmodia  and  its  activity 
against  chloroquine  and  other  resistant  strains  of  P.  berghei,  toxicity 
studies  indicate  that  this  compound  would  be  safe  for  evaluation  in  human 
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trials.   There  is  a  need  to  determine  more  exactly  the  mode  of  action  of 
currently  used  antimalarials  and  the  mechanism  of  resistance  production  in 
these  drugs,  which  can  ultimately  be  used  in  drug  design  and  in  devising 
ways  of  avoiding  the  development  of  resistance. 

Proposed  Course  of  the  Project:   Studies  in  experimental  chemotherapy 
will  be  continued  and  expanded,  with  emphasis  on  the  use  of  new  drugs  and 
the  combinations  of  drugs,  on  ways  of  administering  these  drugs  and  on  the 
mechanisms  of  action  and  the  development  of  resistance. 
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Serial   No.      NIAID   131-A 

1.  Parasite  Chemotherapy 

2.  Chemotherapy 

3.  Bethesda,  Maryland 


Man  Years: 

NIAID 

Other  NIH 

Lab,  Staff 

Personnel 
Assigned 

Total 

1   2/12 

Professional 

4/12 

Other 

10/12 

PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 


Project  Title:   Bionomics  of  Schistosoma  mansoni  in  Rhesus  Monkeys 

Previous  Serial  Nximber:   None 

Principal  Investigator:   Kendall  G.  Powers 

Other  Investigators:   Allen  W.  Cheever  and  John  F.  Finerty 

Cooperating  Units:   Laboratory  of  Parasitic  Diseases  and  Laboratory 
of  Germfree  Animal  Research 


Guest  Workers   TOTAL 


1   2/12 

4/12 

10/12 

Project  Description: 

Objectives:   To  study  and  compare  the  development  of  various  strains 
of  S^.  mansoni  (St.  Lucia,  Mwanza,  Bela  Horizonte  and  Puerto  Rico)  in  rhesus 
monkeys.   These  host-parasite  relationships  will  be  examined  with  reference 
to  egg  production  of  the  parasite,  excretion  or  destruction  of  eggs  by  the 
host  and  pathologic  and  immunologic  changes  which  occur  in  the  host  as  a 
result  of  the  schistosome  infection.   Of  particular  interest  will  be  changes 
which  occur  in  host  immunoglobulin  serum  levels  during  different  stages  of 
infection. 

Methods  Employed:   Rhesus  monkeys  are  exposed  percutaneously  to 
about  600  viable  cercariae.   Prior  to  exposure  and  each  week  throughout  the 
study  serum  samples,  hematocrits  and  weights  are  obtained.   Egg  production 
is  determined  using  composite  24-hour  fecal  samples  collected  twice  weekly; 
at  necropsy  tissues  are  removed  and  numbers  of  eggs  per  gram  of  tissue 
computed.   Also  at  necropsy,  tissues  are  obtained  for  histopathologic 
examination  and  perfused  worms  counted,  sexed  and  measured.   Infected 
monkeys  are  killed  at  intervals  after  patency  varying  from  several  weeks 
to  several  months.   Studies  are  also  being  conducted  to  determine  what  effect 
splenectomy  might  have  on  these  schistosome  infections. 
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Ma i or  Find ing s :   In  infections  of  long  duration  there  appears  to  be 
a  suppression  of  egg  production  and  a  decrease  in  numbers  of  worms  as 
compared  to  short  term  infections.   Also  worms  recovered  from  long-term 
infections  appear  somewhat  stunted  and  a  migration  from  colonic  venules  to 
those  of  the  small  intestine  is  usually  seen.   It  is  suspected  that  the 
above  phenomenon  is  related  to  an  immune  response  of  the  host  to  the 
parasite.   Splenectomy  appears  to  retard  or  prevent  the  destruction  of 
worms  in  otherwise  immune  monkeys  but  does  not  prevent  the  inhibition  of 
egg  laying.   Titration  of  immunoglobulins  is  being  delayed  until  specific 
antisera  for  IgM,  IgA  and  IgG  can  be  obtained.   Preliminary  results  from 
the  various  strain  infections  are  presently  available  but  sufficient 
information  has  not  been  obtained  to  draw  any  conclusions  at  this  time. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

This  host-parasite  system  offers  the  unique  opportunity  to  conduct 
carefully  controlled  studies  in  primate  hosts  using  strains  of  schistosomes 
which  are  infective  to  man.   Schistosomiasis  still  remains  one  of  the  most 
important  parasitic  diseases  in  the  tropics  and  subtropics  of  Africa,  Asia 
and  the  Western  Hemisphere  and  much  information  is  still  needed  on  this 
host-parasite  relationship,  especially  pertaining  to  pathology,  immunology 
and  physiology. 

Proposed  Course  of  the  Project:   Studies  on  various  strains  of  S^. 
mansoni  will  be  continued  and  expanded  with  emphasis  on  immunologic  and 
pathologic  changes  which  occur  in  the  host. 

Publications: 

Cheever,  A.W.  and  Powers,  K.G. :   Counting  of  Schistosoma  mansoni 
Eggs  in  Feces.   Comparison  of  a  Filtration  Technique  and  a  Dilution 
Technique.   Jour.  Parasit. ,  1968  (In  Press) 
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1.  Parasite  Chemotherapy 

2.  Chemotherapy 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 


Project  Title:   Studies  on  Drug  Resistance  in  Experimental  Malaria 

Previous  Serial  Number:   Same 

Principal  Investigator:   Richard  L.  Jacobs 

Other  Investigators:   None 

Cooperating  Units:   None 

Man  Years: 

NIAID  Other  NIH 

Lab.  Staff   Personnel   Guest  Workers   TOTAL 
Assigned 


Total 

1  3/12 

Professional 

9/12 

Other 

6/12 

1  3/12 
9/12 
6/12 


Project  Description: 


Objectives:   To  investigate  the  mechanisms  involved  in  acquired 
resistance  to  standard  antimalarial  drugs  by  malarial  parasites.   Studies 
will  be  directed  primarily  toward:   (1)  a  better  understanding  of  the  basic 
mode  of  action  of  drugs  on  the  parasite,  (2)  differences  in  the  types  of 
resistance  encountered  with  different  classes  of  drugs  --  including  patterns 
of  emergence  of  resistance,  morphological  and  physiological  changes  in 
resistant  parasites,  alterations  in  virulence,  and  stability  of  the  resistant 
character  in  the  absence  of  selective  drug  pressure,  and  (3)  the  development 
of  effective  means  for  treatment  of  drug-resistant  infections. 

Methods  Employed:   Plasmodium  berghei  was  maintained  in  mice  by  blood 
inoculation.   The  NYU-2  strain  of  P.  berghei  served  as  the  normal  (N)  drug- 
sensitive  strain.   The  sensitivity  of  the  N  strain  to  various  antimalarial 
drugs  was  established  by  standard  dose-suppression  tests  prior  to  selection 
for  drug  resistance.   The  course  of  parasitemia  was  routinely  followed  by 
Giemsa- stained  blood  films. 

The  procedure  for  the  selection  of  drug  resistant  strains  involved 
repeated  blood  passages  in  mice  with  continuous  exposure  to  high  levels  of 
drug.   Mice  were  inoculated  intravenously  with  large  numbers  (up  to  20 
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million/mouse)  of  parasitized  red  blood  cells.   Groups  of  infected  mice  were 
treated  with  different  doses  of  drug,  given  orally  for  three  to  five 
successive  days  beginning  on  the  day  of  inoculation.   Transfer  to  fresh 
mice  was  made  as  rapidly  as  practical,  usually  five  to  seven  days  after 
inoculation.   Drug  doses  were  increased  at  each  passage  as  indicated  by 
parasite  development  in  the  previous  passage  in  order  to  maintain  the 
maximum  degree  of  selective  drug  pressure.   Total  resistance  occurred  when 
the  parasite  developed  in  mice  treated  with  maximum  tolerated  doses  of  drug. 

Major  Findings:   Strains  of  P.  berghei  have  been  selected  from  a 
common  drug- sensitive  parent  strain  that  are  totally  resistant  to  chloro- 
quine  (CR  strain),  quinine  (QR  strain),  pyrimethamine  (PR  strain),  both 
pyrimethamine  and  chloroquine  (PCR  strain),  primaquine  (RP  strain),  and  to 
12,278  R.P.   Major  attention  during  the  past  year  has  been  centered  on  the 
chloroquine-resistant  strain,  with  the  other  strains  being  maintained  in 
mouse  passage.   Observations  regarding  the  chloroquine-resistant  strain  have 
been  extended  in  several  areas. 

The  CR-60  strain  has  retained  a  high  degree  (total)  of  resistance  to 
chloroquine  throughout  122  untreated  passages  in  mice  over  a  period  of  more 
than  two  years.   The  strain  has  been  tested  at  every  fourth  untreated 
passage  for  sensitivity  to  chloroquine  and  no  detectable  decline  in  degree 
of  resistance  has  been  noted. 

Reticulocytosis  has  been  found  to  favor  the  development  of  CR 
parasites  and,  to  a  lesser  degree,  N  strain  parasites  in  mice.   The  critical 
role  of  the  reticulocyte  for  the  development  of  CR  parasites  has  been 
demonstrated  in  two  ways:   (1)  Development  of  parasitemia  is  favored  in 
mice  pretreated  with  phenylhydrazine  to  induce  anemia  and  reticulocytosis. 
(2)  Development  of  parasitemia  is  inhibited  in  polycythemic  mice  (induced 
by  repeated  transfusions).   Polycythemic  mice  with  very  low  reticulocyte 
counts  develop  very  low  and  transient  parasitemias  when  infected  with  CR 
strain  parasites,  and  often  recover  spontaneously  --  as  shown  by  sub- 
inoculation  into  clean  mice.   N  strain  infections  in  polycythemic  mice  show 
a  degree  of  inhibition  in  rate  of  development  of  lesser  magnitude  than  the 
CR  strain,  and  the  N  strain  remains  uniformly  fatal  in  polycythemic  mice. 
These  results  indicate  that  the  reticulocyte  is  relatively  more  essential 
for  the  development  of  the  CR  strain  parasites  than  for  the  N  strain.   The 
fact  that  CR  parasites  are  seen  almost  exclusively  in  polychromatic 
(immature)  red  blood  cells  in  peripheral  blood  smears,  usually  as  multiple 
infections,  is  in  agreement  with  the  concept  of  the  reticulocyte' s  favorable 
role  in  the  development  of  CR  parasites  in  the  mouse. 

The  procedure  for  evaluation  of  possible  antigenic  differences  be- 
tween the  normal  and  chloroquine-resistant  strains  failed  to  demonstrate 
differences  between  the  two  strains.   Mice  immunized  against  the  N  strain 
were  resistant  to  challenge  with  the  CR  strain.   Likewise,  mice  that  had 
recovered  from  CR  infections  were  immune  to  challenge  with  N  strain  parasites. 
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Chloroquine  accumulation  in  parasitized  red  blood  cells,  as 
determined  by  the  fluorometric  procedure,  indicates  that  the  CR- infected 
erythrocytes  accimiulate  significantly  lesser  amounts  of  chloroquine  than 
erythrocytes  infected  with  the  N  strain  of  P.  berghei.   This  differential 
uptake  of  chloroquine  suggests  the  possibility  of  a  difference  in 
permeability  of  the  red  cell  membrane,  or  parasite  cell  membrane,  as  a 
mechanism  involved  in  acquired  resistance  to  chloroquine. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

Drug  resistance  continues  to  be  a  worldwide  problem  in  the  chemo- 
therapy of  malaria  and  may  present  a  formidable  obstacle  to  the  eradication 
of  human  malaria.   Strains  of  P.  falciparum  that  are  resistant  to  all 
commonly  used  synthetic  antimalarials,  as  well  as  to  quinine,  continue  to  be 
reported  from  widely  separated  areas  of  the  world.   It  would  seem  possible, 
if  not  likely,  that  other  species  of  malaria  which  infect  man  will  become 
refractory  to  presently  effective  drugs.   The  emergence  of  resistance  in 
malaria  parasites  of  man  has  emphasized  the  need  for  a  better  understanding 
of  the  basic  mechanism  of  drug  action  on  the  parasite  and  other  aspects  of 
host-drug-parasite  relationships.   Plasmodium  berghei  has  proven  to  be  a 
valuable  model  in  the  investigation  of  the  mode  of  action  of  the  various 
antimalarial  compounds  and  some  of  the  basic  aspects  of  drug  resistance  in 
malarial  parasites. 

The  need  for  an  effective  means  of  treatment  of  drug  resistant 
malaria  is  evident.   Combinations  of  known  antimalarials  and  the  selection 
of  specific  drugs  with  a  mode  of  action  similar  to  those  already  in  use  are 
providing  only  a  temporary  solution  to  the  problem.   New  genera  of  compounds 
with  antimalarial  activity  are  urgently  needed. 

Proposed  Course  of  the  Project:   Studies  on  drug  resistance  in 
malarial  parasites  will  be  continued  along  these  same  general  lines. 
Differences  between  normal  and  resistant  strains  will  be  investigated  in  an 
attempt  to  gain  a  better  understanding  of  the  mechanisms  of  acquired  drug 
resistance  and  mode  of  action  of  drugs.   These  studies  in  association  with 
physiological  investigations  will  provide  a  more  logical  approach  to  the 
search  for  new  compounds  with  potent  antimalarial  activity. 
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1.  Parasite  Chemotherapy 

2.  Chemotherapy 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 


Project  Title:   Studies  on  Immunity  and  Pathology  in  Simian  Malarias 

Previous  Serial  Number:   Same 

Principal  Investigator:   Kendall  G.  Powers 

Other  Investigators:   John  F.  Finerty 

Cooperating  Units:   Laboratory  of  Germfree  Animal  Research  (NIAID-117) 

Man  Years: 

NIAID  Other  NIH 

Lab.  Staff   Personnel   Guest  Workers   TOTAL 


Assigned 


Total 

1 

Professional 

3/12 

Other 

9/12 

1 

3/12 
9/12 


Project  Description: 


Objectives:   To  study  the  immune  response  and  pathological 
consequences  of  acute  and  chronic  malaria  in  Macaca  mulatta. 

Methods  Employed:   Plasmodium  cynomolgi  is  the  parasite  model  used 
since  there  is  more  basic  information  on  this  species  than  on  any  of  the 
other  malaria  parasites  of  monkeys  and  because  of  its  similarity  to  P.  vivax 
in  man.   During  the  active  phases  of  infection,  thick  and  thin  blood  smears, 
hematocrits,  temperatures  and  reticulocyte  counts  are  taken  daily.   After 
the  acute  phase,  these  procedures  are  performed  twice  weekly.   Immunologic 
studies  include  qualitative  and  quantitative  changes  in  immunoglobulins  as 
well  as  fluorescent  antibody  titer  changes.   Disc  electrophoresis, 
fractionation  with  Sephadex  columns  and  Ouchterlony  separation  are  also 
employed  in  these  studies. 

Major  Findings:   Antisera  has  been  prepared  in  rabbits  and  goats 
against  monkey  sera  from  normal  and  malaria- infected  animals.   Three  monkey 
IgG- immunoglobulin  fractions  that  are  immunologically  uncontaminated  with 
other  serum  proteins  have  been  selected;  these  were  then  used  as  standards 
for  the  quantitation  of  IgG  in  monkeys  infected  with  blood-inoculated  P, 
cynomolgi  and  in  uninfected  controls.   A  decrease  in  IgG  levels  was  seen  24 
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hours  preceding  a  peak  in  parasitemia,  followed  by  a  rise  in  IgG  levels. 

A  decrease  in  parasitemia  was  accompanied  by  a  fall  in  IgG.  Quantitation 

of  IgM  and  IgA  will  be  performed  as  soon  as  uncontaminated  M  and  A 

immunoglobulins  can  be  obtained.   Considerable  difficulty  is  being 
encountered  in  purifying  these  immunoglobulins. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute 

Traditionally,  malaria  studies  have  involved  the  acutely  infected 
individual.   Information  on  the  immune  status  of  and  the  pathological 
consequences  in  chronic  malaria  infections  is  very  sparse.   Yet  this 
naturally  acquired  protection  may  be  the  most  productive  clue  to  an  under- 
standing of  the  immune  responses  to  infection  with  this  parasite.   It  is 
now  possible,  using  various  species  of  malaria  parasites  in  monkeys,  to 
duplicate  by  repeated  exposure  of  the  host  the  pathologic  and  immunologic 
responses  which  are  characteristic  of  human  populations  in  endemic  areas. 
These  studies  are  considered  to  be  basic  and  essential  to  our  understanding 
of  the  ecology  and  distribution  of  malaria  as  well  as  the  action  of  drugs. 

Proposed  Course  of  the  Project:   Further  studies  will  involve  the 
quantitation  of  IgM  and  IgA  levels  in  monkeys  infected  with  blood- inoculated 
P.  cynomolgi.   Additional  experiments  using  sporozoite-inoculated  P. 
cynomolgi  and  other  species  of  simian  malaria  are  in  preparation. 
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1.  Parasite  Chemotherapy 

2.  Chemotherapy 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 


Project  Title:   Immunology  and  Biology  of  Experimental  Malarias 

Previous  Serial  Number:   Same 

Principal  Investigator:   McWilson  Warren 

Other  Investigators:   Geoffrey  M.  Jeffery 

Cooperating  Units:   None 

Man  Years: 

NIAID        Other  NIH 

Lab.  Staff   Personnel   Guest  Workers   TOTAL 
Assigned 


Total 

Professional 

Other 


1  10/12 

4/12 

1   6/12 


1  10/12 

4/12 

1   6/12 


Project  Description; 


Objectives:   To  investigate  the  phenomenon  of  naturally  acquired 
"protection"  in  malaria.   This  protection  is  apparently  directed  toward  the 
erythrocytic  stages  of  the  parasite  in  the  vertebrate  and  has  little  if  any 
effect  on  either  the  sporozoites  or  the  exo-erythrocytic  stages.   The 
antigenic  similarities  and  differences  of  the  various  developmental  stages 
of  the  malaria  parasite  in  the  invertebrate  as  well  as  the  vertebrate  host 
is  being  investigated.   Efforts  are  being  made  to  determine  the  antigenic 
part  of  the  parasite  that  is  responsible  for  the  protection  acquired  by 
animals  naturally  infected  with  malaria. 

Methods  Employed:   Water  soluble  extracts  are  prepared  by  homogenizing 
infected  tissues.   At  the  present,  Plasmodium  gallinaceum  is  being  used  and 
EE  stages  are  obtained  from  infected  chick  embryos,  erythrocytic  stages  from 
the  blood  of  infected  chicks  and  mosquito  stages  from  infected  Aedes  aegypti. 
Future  studies  will  include  rodent  and  monkey  parasites.   Samples  are  pre- 
pared from  homogenized-lyophilized  tissues.   Disc  electrophoresis  techniques 
are  used  to  carry  out  initial  protein  analyses.   It  is  planned  that  further 
and  more  detailed  investigations  will  be  carried  out  by  studies  on  anti- 
parasitic and  antihost  tissue  antibodies  produced  in  rabbits.   Experiments 
are  also  underway  to  determine  the  potential  of  these  crude  preparations  to 
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influence  the  development  of  the  parasite  in  experimental  animals.   Water 
soluble  extracts  are  inoculated  intramuscularly  with  and  without  adjuvants 
on  a  specific  schedule.   The  birds  are  then  challenged  by  the  inoculation  of 
known  numbers  of  sporozoites  from  infected  Aedes  aegypti. 

Major  Findings:   Electrophoretic  investigations  of  water  soluble 
fractions  from  infected  and  non- infected  chick  embryo  tissues  (liver,  brain, 
spleen,  etc.)  continue  to  reveal  few  if  any  qualitative  differences.   Similar 
studies  on  sera  from  rabbits  immunized  with  these  tissues  have  shown  at  least 
one  additional  protein  band  in  the  sera  from  animals  receiving  the  infected 
tissues.   Studies  on  the  water  soluble  fractions  from  infected  mosquitoes 
have  not  produced  conclusive  results,  and  it  appears  that  higher  concentra- 
tions of  protein  will  be  needed  to  provide  suitable  preparations. 

Chicks  treated  with  soluble  antigen  from  lyophilized  infected 
embryonic  liver  were  tested  for  immunity.   About  one- fourth  of  the 
"immunized"  chicks  showed  no  infection  or  challenge  with  sporozoites. 
Further  studies  are  being  done  to  determine  at  what  point  this  immunity  is 
effective  and  to  determine  if  infected  tissues  other  than  liver  will  cause 
the  same  effect. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

The  availability  of  refined  methods  for  the  study  of  immunology  of 
malaria,  including  immunofluorescent  and  immunoelectrophoretic  techniques, 
is  producing  advances  in  this  field  never  before  possible.   The  immune  status 
of  infected  hosts  is  of  marked  importance  in  studies  of  chemotherapeutic 
agents  and  methods,  and  the  ultimate  step  in  the  immunology  of  the  disease  -- 
the  possible  production  of  an  effective  vaccine  --  is  a  goal  toward  which 
much  of  the  current  work  may  lead. 

Biological  differences  in  the  various  strains  of  malaria  parasites, 
even  within  a  given  species,  are  well  known.   Knowledge  of  differences 
related  to  or  independent  of  strain  alterations,  due  to  such  induced  changes 
as  drug  resistance,  may  be  of  importance  in  determining  mechanism  of  drug 
resistance  and  its  permanence,  and  this  can  be  learned  only  through  frequent 
appraisal  of  strains  being  maintained  under  drug  pressure,  using  all  of  the 
currently  available  methods  for  characterization  of  the  parasite  and  host 
response. 

Antigenic  analysis  of  the  three  stages  of  the  malaria  parasite  found 
in  the  vertebrate  host  is  essential  in  understanding  the  host  response.   It 
now  seems  highly  probable  that  there  are  not  only  strain  differences  in  these 
parasites  but  stage  differences  as  well,  and  these  differences  must  be 
clarified  if  the  total  immune  response  in  malaria  is  to  be  understood. 
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Proposed  Course  of  the  Project:   Antigenic  analysis  will  continue 
until  all  stages  of  the  parasite  have  been  examined.   Efforts  will  be  made 
to  ascertain  the  protein  complex  common  to  all  developmental  stages.   When 
these  techniques  are  fully  adapted,  these  studies  will  be  applied  to  various 
primate  parasites  that  show  different  levels  of  host  response.   The  use  of 
the  antigens  from  different  developmental  stages  in  an  effort  to  confer 
protection  to  challenged  animals  will  continue. 

Publications: 

Sodeman,  W.A. :   Disc  electrophoresis  of  saline  extracts  of 
Schistosoma  mansoni.   Amer.  Jour.  Trop.  Med.  &  Hyg.,  16:   591-594,   1967. 
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1.  Parasite  Chemotherapy 

2.  Chemotherapy 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual    Project   Report 

July    1,    1967    through  June   30,    1968 


Project    Title:      Studies   on   the   Effects   of  Antimalarials   on   the  Metabolism 
of  Normal   and   Drug-Resistant  Malaria    Parasites 

Previous   Serial   Number:      Same 

Principal    Investigator:      Kenneth   0.    Phifer 

Other    Investigators:      None 

Cooperating   Units:      None 

Man  Years: 

NIAID  Other  NIH 

Lab.  Staff   Personnel   Guest  Workers   TOTAL 
Assigned 

Total  1  10/12  1  10/12 

Professional        10/12  10/12 

Other  1  1 

Project  Description: 

Objectives:   To  determine  the  place  of  action  of  drugs  on  parasites. 
The  study  of  the  action  of  drugs  on  these  parasites,  including  the  mechanism 
and  locale,  the  development  of  resistance  and  the  search  for  methods  to 
avoid  the  development  of  resistance  or  to  overcome  it. 

To  determine  the  effect  of  antimalarial  compounds  on  in  vitro 
metabolism  of  both  normal  and  drug-resistant  parasites. 

To  determine  the  relationship  of  malaria  pigment  to  the  antimalarial 
action  of  drugs. 

To  determine  the  relationship  of  permeability  to  the  antimalarial 
activity  of  drugs  in  both  normal  and  drug-resistant  strains  of  malaria 
parasites. 

Methods  Employed:   The  effect  of  antimalarials  on  the  oxygen  uptake 
of  normal  and  drug-resistant  strains  of  Plasmodium  berghei  and  the  exo- 
erythrocytic  stages  of  Plasmodium  gallinaceum  in  embryonic  chicken  liver  was 
measured. 
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The  effects  of  hematin,  metabolic  inhibitors  and  physical  factors 
(temperature,  incubation  time,  etc.)  on  the  action  of  antimalarials  were 
studied. 

The  permeation  of  C   -labeled  chloroquine  as  well  as  C   -labeled 
glucose  into  malaria  parasites  was  studied  in  normal  and  drug-resistant 
strains  of  P.  berghei  and  exo-erythrocytic  stages  of  P.  gallinaceum  in 
embryonic  chicken  liver. 

Major  Findings:   Chloroquine  at  relatively  high  concentrations  does 
not  reduce  the  oxygen  uptake  of  exo-erythrocytic  stages  of  P.    gallinaceum. 
Similar  concentrations  of  primaquine  do  reduce  respiratory  metabolism. 
Exo-erythrocytic  stages  do  not  appear  to  have  an  active  anaerobic  metabolism. 

Even  though  chloroquine  does  not  affect  respiratory  metabolism  nor 
is  effective  therapeutically  in  exo-erythrocytic  stage,  it  j^  actively  taken 
up  by  the  infected  liver  tissue.   lodoacetate,  phlorizin  and  arsenate 
inhibited  C   -glucose  uptake,  but  only  iodoacetate  affected  the  uptake  of 
C^^-chloroquine.   Hematin,  a  breakdown  product  of  hemoglobin  and  similar  to 
malarial  pigment  did  inhibit  the  uptake  of  chloroquine.   The  uptake  of 
chloroquine  by  infected  liver  tissue  is  affected  by  temperature,  the  optimal 
temperature  being  38°C.   In  both  C   -glucose  uptake  and  C-'-^-chloroquine 
uptake,  initial  rates  (first  5  minutes)  are  much  higher  than  long-term  rates 
(1  hour  or  more) . 


Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute; 

The  study  of  the  metabolism  of  drug-resistant  strains  as  compared  to 
that  of  normal  strains  can  aid  in  an  understanding  of  the  basic  differences 
between  normal  and  resistant  strains  and  may  thus  indicate  possible  means 
of  overcoming  resistance.   Studies  of  the  effects  of  antimalarials  on 
metabolic  systems  of  malarial  parasites  should  aid  in  localizing  sites  of 
action  of  the  drugs  and  thus  lead  to  a  more  rational  approach  to  chemotherapy.] 

The  effects  of  hematin  and  other  pigment-precursors  on  parasite 
metabolism  may  help  clarify  more  specific  mechanisms  of  resistance.   The 
fact  that  hematin  binds  to  chloroquine  and  that  such  a  complex  does  not 
freely  cross  the  red  cell  membrane  seems  to  be  significant  when  considered 
in  conjunction  with  other  observations.   Non-pigmented  parasites,  such  as 
Babesia  rodhaini  or  chloroquine-resistant  P.  berghei,  demonstrate  a  very  low 
level  of  chloroquine  uptake.   Chloroquine  may  enter  the  parasitized  red  cell 
in  which  hematin  or  some  other  pigment  precursor  binds  the  drug  so  that  it 
can't  leak  out  of  the  cell.   In  cases  of  resistance,  the  parasites  lack 
pigment  and  therefore  cannot  bind  the  drug  which  leaks  out  before  its  anti- 
malarial action  can  take  effect.   The  demonstration  of  the  uptake  of  C   - 
chloroquine  by  liver  tissue  infected  with  non-pigmented  exo-erythrocytic 
stages  may  be  explained  by  the  fact  that  liver  tissue  is  rich  in  heme 
compounds  which  bind  with  chloroquine. 
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The  indications  are  that  chloroquine  resistance  may  operate  via 
different  mechanisms  in  different  malaria  species. 

Proposed  Course  of  the  Project:   There  will  be  a  continuation  of 
the  uptake  of  chloroquine  by  pigmented  and  non-pigmented  forms.   Particular 
emphasis  will  be  given  to  a  study  of  a  strain  of  Plasmodium  vinckei  which  is 
resistant  to  both  chloroquine  and  pyrimethamine  and  which  resembles 
chloroquine-resistant  Plasmodium  falciparum  in  that  it  does  not  seem  to  lose 
its  pigment.   Non-pigmented  exo-erythrocytic  stages  of  P.  gallinaceum  will 
be  studied  further  to  determine  whether  chloroquine  is  actually  being  taken 
up  into  the  parasites  themselves.   The  breakdown  of  hemoglobin  to  pigment 
will  be  studied  comparing  normal  and  resistant  strains.   The  uptake  of 
additional  antimalarials  will  be  studied  in  normal  and  resistant  strains. 
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1.  Parasite  Chemotherapy 

2.  Chemotherapy 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 


Project  Title:   Monograph  -  "The  Biology  of  the  Primate  Malarias." 

Previous  Serial  Number:   Same 

Principal  Investigator:   McWilson  Warren 

Other  Investigators:   G.  Robert  Coatney,  Gertrude  H.  Turner  and 
Peter  G.  Contacos 

Cooperating  Units:   Division  of  Research  Services  and  Department  of 

Pharmacology,  Louisiana  State  University  School  of 
Medicine 


Man  Years: 

NIAID 

Other  NIH 

Lab.  Staff 

Personnel 
Assigned 

Guest  Workers 

TOTAL 

Total 

1/12 

1/12 

2/12 

4/12 

Professional 

1/12 

1/12 

2/12 

4/12 

Other 

Project  Description: 

Objectives:   To  prepare  for  publication  as  a  monograph  a  comprehensive' 
review  of  the  biology  of  the  malaria  parasites  of  primates.   Color  plates 
are  being  prepared  for  inclusion  in  this  publication. 

Methods  Employed:   Data  collected  by  our  Laboratory  on  strains  and 
species  of  simian  malarias  from  Southeast  Asia  is  being  reviewed  and  organized 
on  the  basis  of  speciation,  host  and  geographical  distribution,  immunity, 
ecology,  drug  responses,  etc.   In  association  with  the  medical  illustrator, 
color  plates  of  the  erythrocytic  stages  of  all  the  species  of  the  primate 
malarias  are  being  prepared.   Data  on  exo-erythrocytic  and  sporogonic 
development  of  these  parasites  is  being  organized  by  the  staff  of  the  Section 
on  Primate  Malaria  in  Chamblee  for  inclusion  in  this  publication. 

Progress :   Color  plates  on  the  erythrocytic  stages  of  all  the  species 
of  primate  plasmodia  available  have  been  completed.   Data  on  acquired 
immunity,  speciation,  geographic  and  host:  distribution,  ecology,  exo- 
erythrocytic  and  sporogonic  development  on  the  vivax  parasites  of  Asian 
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macaques  has  been  organized.   Drafts  of  the  text  are  being  prepared. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute; 

Recent  investigations  on  the  malarias  of  the  non-human  primates  has 
been  intensive.   These  parasites  are  the  only  real  models  we  have  available 
for  laboratory  research.   A  compilation  of  the  available  information  on  the 
malarias  of  all  primates,  including  man,  will  be  of  great  value  to  the  many 
laboratories,  including  our  own,  carrying  out  investigations  in  this  field. 

Proposed  Course  of  the  Project:   Drafts  of  the  manuscript  have  been 
delayed  somewhat  by  Dr.  Warren's  absence  during  the  year  on  assignment  to 
the  London  School  of  Hygiene  and  Tropical  Medicine.   Completion  is  desired 
during  1968-69. 
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1.  Parasite  Chemotherapy 

2.  Chemotherapy 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 


Project  Title:   Application  of  Tissue  Culture  Techniques  to  Problems 
of  Immunology,  Physiology  and  Drug  Action  in  Malaria 

Previous  Serial  Number:   Same 

Principal  Investigator:   McWilson  Warren 

Other  Investigators:   Tsugiye  Shiroishi 

Cooperating  Units:   None 

Man  Years: 


NIAID  Other  NIH 
Lab.  Staff  Personnel 
Assigned 


Guest  Workers 


TOTAL 


Total 

Professional 

Other 


1  10/12 

9/12 

1   1/12 


1  10/12 

9/12 

1  1/12 


Project  Description: 


Ob i e c t ive s :   To  study  the  possible  applications  of  tissue  culture 
techniques  to  current  problems  in  malaria  research  including  aspects  of 
energy  metabolism;  antigenic  variations  in  species,  strain  and  stage  of  the 
parasite;  mode  of  action  of  drugs;  etc. 

Methods  Employed:   At  present  these  investigations  involve  the  use 
of  the  exo-erythrocytic  stages  of  Plasmodium  gallinaceum.   Infected  tissues 
(liver,  lung,  brain,  etc.)  are  obtained  from  infected  chick  embryos. 
Cultures  of  tissues  are  maintained  in  various  types  of  culture  containers 
including  Leighton  tubes  and  Rose  chambers.   Efforts  are  also  being  made  to 
establish  cell  lines  of  chick  embryo  lung  cells.   Presently  all  work  uses 
either  infected  tissues  or  primary  cultures  for  study.   Various  culture 
media  are  being  investigated. 

Tissues  are  treated  with  various  antimalarial  compounds  to  determine 
effect  on  the  parasites  and  the  host  tissue. 

Major  Findings:   Cultivation  of  infected  liver  tissue  has  reached  the 
routine  phase,  where  these  primary  cultures  can  be  used  for  physiological 
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studies,  for  studies  of  drug  effect,  and  for  immunological  investigations. 

Early  efforts  to  determine  the  effect  of  primaquine  on  the  tissue 
parasites  resulted  in  excessive  damage  to  the  host  tissue.   Further  studies 
have  determined  the  dose  effect  and  the  optimum  doses  of  this  drug  for  the 
host  tissue  and  studies  are  proceeding  on  its  effect  on  the  parasite. 

Efforts  are  continuing  toward  devising  a  method  for  the  frozen 
preservation  of  the  tissue  stages  from  culture.   Successes  have  been 
relatively  infrequent  when  compared  to  similar  preservation  of  the 
erythrocytic  parasites,  and  tests  are  being  made  using  various  protective 
additives. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

There  are  many  advantages  in  having  quantities  of  parasitic  material 
available  which  are  relatively  free  of  host  tissue.   A  basic  understanding 
of  the  primary  energy  metabolism  and  the  physiological  significance  of 
pigment  production  by  malaria  parasites  are  still  obscure.   Such  information 
is  very  important  to  our  understanding  of  the  most  intimate  levels  of  the 
host  parasite  relationship  and,  eventually,  of  such  pertinent  points  as  the 
mode  of  action  of  drugs  and  the  mechanics  of  the  immune  process.   A  technique 
for  testing  new  compounds  for  their  effectiveness  against  the  exo-erythro- 
cytic  stages  of  malaria  is  badly  needed.   A  number  of  systems  have  been 
explored  elsewhere  with  little  success,  including  methods  of  drug  evaluation 
in  infected  mosquitoes  and  in  the  vertebrate  host  in  vivo,  but  no  practical 
method  has  emerged.   Tissue  cultures  may  provide  the  answer  to  this  problem. 

Proposed  Course  of  the  Project:   Efforts  will  continue  to  establish 
cell  lines  of  chick  embryo  lung  and  liver  cells.   The  feasibility  of  tissue 
cultures  as  a  means  of  screening  drugs  against  exo-erythrocytic  stages  of 
malaria  will  be  determined.   The  use  of  tissue  culture  materials  for 
antigenic  studies  as  well  as  investigations  on  energy  metabolism  will 
continue.   Attempts  will  be  made  to  infect  various  normal  cultures  with 
sporozoites  and  studies  on  the  development  of  antibodies  in  infected  tissue 
cultures  wi^ll  be  undertaken. 
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1.  Parasite  Chemotherapy 

2 .  Chemotherapy 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 


Project  Title:   Surveys  for  Protozoan  Parasites  of  the  Blood  in 
Imported  Animals 

Previous  Serial  Number :   Same 

Principal  Investigator:   McWilson  Warren 

Other  Investigators:   Tsugiye  Shiroishi 

Cooperating  Units:   None 


Guest  Workers   TOTAL 


Man  Years : 

NIAID 

Other  NIH 

Lab.  Staff 

Personnel 
Assigned 

Total 

4/12 

Professional 

3/12 

Other 

1/12 

4/12 
3/12 
1/12 


Project  Description: 


Objectives  :   To  obtain  information  on  the  distribution  and  incidence 
of  blood  protozoan  infections  in  as  many  as  possible  of  the  large  variety 
of  vertebrates  imported  into  this  country.   This  would  include  animals 
brought  in  for  research  (e.g.,  Primate  Centers)  as  well  as  additions  to 
collections  in  zoos. 

Methods  Employed:   Blood  smears  (thick  and  thin  except  with  birds 
and  reptiles)  are  stained  with  Giemsa  and  examined  for  blood  protozoans 
with  an  oil  immersion  objective.   Liaison  with  the  National  Zoological  Pafk 
in  Washington  has  been  established.   In  addition,  specimens  have  been 
examined  from  research  chimpanzees  at  NCDC  and  from  various  primates  at  the 
Delta  Primate  Research  Center  in  Covington,  Louisiana. 

Major  Findings:   Blood  films  from  109  birds  or  mammals  from  various 
sources  were  examined  for  parasites.   In  20  of  these,  blood  parasites  of 
interest  were  found.   One,  an  Hepatocystis  from  the  gibbon,  was  a  new  host 
record  and  has  been  published.   Another  a  Plasmodium  cynomolgi  from  a 
Macaca  speciosa  (stump-tail  macaque)  in  the  National  Zoological  Park  , 
(Washington)  was  studied  further  in  our  Section  on  Primate  Malaria  and  has 
proven  to  be  infective  to  man  through  the  bites  of  infected  mosquitoes. 
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Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

Malarias  from  animals  other  than  man  have  taken  on  considerable 
importance  from  two  points  of  view:   (1)  the  non -human  primate  forms  are 
infective  to  man  and  (2)  the  need  for  adequate  laboratory  models  for  the 
study  of  malaria  is  sufficient  to  promote  a  search  for  new  and  different 
parasites  in  various  parts  of  the  world.   The  information  obtained  on  host 
and  geographic  distribution  of  malaria  parasites  is  invaluable  as  baseline 
for  field  studies  in  various  areas  where  human  and  other  primate  malarias 
are  endemic . 

Proposed  Course  of  the  Project:   Blood  from  presently  available 
sources  will  continue  to  be  examined.   Efforts  will  be  made  to  increase  our 
sources  from  other  zoos  and  Primate  Centers. 

Publications : 

Shiroishi,  Tsugiye,  Davis,  Jan  and  Warren,  McWilson;   Hepatocystis 
in  the  White-cheeked  Gibbon,  Hylobates  concolor.   J .  Parasit . .  54  (1), 
168,  February  1968. 
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1.  Parasite  Chemotherapy 

2.  Chemotherapy 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 


Project  Title:   Studies  on  the  Effects  of  Anthelmintics  on  the 
Metabolism  of  Microfilariae 

Previous  Serial  Number:   None 

Principal  Investigator:   Kenneth  0.  Phifer 

Other  Investigators:   Guillermo  Pacheco 

Cooperating  Units:   Laboratory  of  Parasitic  Diseases 

Man  Years: 

NIAID        Other  NIH 

Lab.  Staff   Personnel   Guest  Workers   TOTAL 


Assigned 


Total 

6/12 

Professional 

3/12 

Other 

3/12 

6/12 
3/12 
3/12 

Project  Description: 

Objectives:   To  understand  more  fully  the  basic  metabolism  of 
microfilariae  in  order  to  attempt  to  determine  the  mechanism  of  action  of 
the  anthelmintics  and  to  measure  the  effect  of  anthelmintics  on  filarial 
metabolism. 

Methods  Employed:   The  respiratory  metabolism  of  Dirof ilaria  immitis 
and  Litosomoides  carinii  was  measured  under  both  aerobic  and  anaerobic 
conditions.   The  permeation  of  C   -labeled  glucose  into  microfilariae  was 
studied  in  both  Dirof ilaria  immitis  and  Litosomoides  carinii.   The  effect 
of  1-diethyl  carbamyl-4-methyl  piperazine  (hetrazan)  on  respiration  and 
glucose  transport  was  studied. 

Major  Findings:   Aerobic  and  anaerobic  respiratory  activity  is 
approximately  equivalent.   Even  at  high  concentrations,  hetrazan  had  no 
effect  on  the  oxygen  uptake  of  microfilariae,  but  did  inhibit  the  uptake  of 
glucose  in  both  species. 

Oxygen  utilization  was  lower  in  worms  suspended  in  immune  serum 
although  the  consumption  of  glucose  was  much  greater  than  in  worms  suspended 
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in  normal  serum. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

The  mode  of  action  of  hetrazan  on  microfilariae  is  unknown  but  some 
workers  feel  that  the  drug  acts  by  altering  the  surface  of  worms  so  that 
macrophages  can  more  easily  attack  them. 

Demonstration  of  the  uptake  of  labelled  glucose  by  this  worm  and  the 
inhibition  of  this  uptake  by  hetrazan  may  indicate  a  surface  action.   Since 
the  surface  of  this  worm  is  covered  with  a  thick  cuticle  which  is  impermeable, 
the  drug  may  be  acting  not  on  the  entire  surface  but  at  one  of  the  pores 
which  function  in  the  exchange  of  materials. 

Proposed  Course  of  the  Project:   A  more  detailed  exposition  of  the 
intermediary  metabolic  pathways  will  make  possible  a  more  direct  attack  on 
the  problem  of  mode  of  action  of  hetrazan. 

Acquisition  of  labelled  hetrazan  will  lead  to  a  more  effective  study 
of  the  dynamics  of  drug  actipn  at  the  surface  of  the  worm. 
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1.  Parasite  Chemotherapy 

2.  Primate  Malaria 

3.  Chamblee,  Georgia 

PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 

Project  Title:  Susceptibility  of  Anopheline  Mosquitoes  to  Simian 
and  Human  Malaria  Infections  and  Their  Ability  to 
Transmit  to  Simian  and  Human  Hosts 

Previous  Serial  Number:   Same 

Principal  Investigators:   William  E.  Collins  and  Peter  G.  Contacos 

Other  Investigators:   Marvin  H.  Jeter 

Cooperating  Units:   Department  of  Justice,  Bureau  of  Prisons 

Man  Years: 

NIAID  Other  NIH 

Lab.  Staff   Personnel   Guest  Workers   TOTAL 
Assigned 

Total  2   6/12  2   6/12 

Professional        11/12  11/12 

Other  1   7/12  1  7/12 

Project  Description: 

Objectives:   (1)  To  determine  the  relative  susceptibility  of 
anopheline  mosquitoes  to  simian  and  human  malaria  infection;  (2)  to 
determine  the  rate  and  degree  of  parasite  development  within  the  various 
mosquito  hosts;  (3)  to  attempt  transmission  of  the  various  simian  malarias 
to  a  wide  spectrum  of  simian  hosts  by  the  bites  of  infected  mosquitoes;  and 
(4)  to  provide  mosquitoes  infected  with  simian  malaria  for  transmission 
studies  in  prison  inmate  volunteers. 

Methods  Employed:   Isolates  of  simian  malaria  are  maintained  either 
in  monkey  hosts  or  in  the  frozen  state  for  use  in  transmission  studies. 
Malaria  species  under  study  include  Plasmodium  brasilianum,  P.  cynomolgi 
(8  strains),  P.  cynomolgi  ceylonensis.  P.  coatneyi,  P.  fieldi  (3  strains), 
P.  fragile,  P.  gonderi,  P.    inui  (15  strains),  P.  knowlesi  (2  strains),  P. 
simiovale  and  P.  simium.   Studies  are  also  made  on  P.  falciparum,  P.  vivax, 
P.  ovale  and  P.  malariae  in  man  and  infections  of  P.  falciparum  and  P.  vivax 
maintained  in  monkeys.   Infections  of  P.  schwetzi  in  the  chimpanzee  are  also 
investigated.   Various  species  of  Anopheles  (A.  maculatus,  A.  stephensi, 
A.  balabacensis,  A.  freeborni  and  A.  quadrimaculatus)  mosquitoes  are  allowed 
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to  feed  on  infected  simian  or  human  hosts.   Comparative  infectivity  of  the 
various  malarias  to  the  several  anophelines  is  determined  and  transmissions 
by  direct  mosquito  bites  are  made  when  mosquitoes  with  sporozoite  positive 
glands  are  obtained.   Occasionally  when  numbers  of  mosquitoes  are  low,  and 
gland  dissections  are  positive,  transmission  attempts  are  made  by  intravenous 
inoculation  of  sporozoites  from  gland  dissections.   Mosquito  susceptibility 
studies  with  the  human  malarias  are  conducted  in  volunteers  in  the  Unit  on 
Human  Malaria. 

Major  Findings:   The  results  of  the  transmission  studies  with  various 
malarias  are  as  follows: 

P.  falciparum  -  Malayan  IV  strain:   This  strain  was  blood-passaged  to  Aotus 
trivirgatus  monkeys;  it  was  then  possible  to  infect  A.  freeborni 
mosquitoes  by  feeding  on  the  infected  monkey.   Sporozoites  developed 
noinnally  and  the  infection  was  passaged  by  the  bites  of  these  mosquitoes 
to  a  human  volunteer. 

P.  knowlesi  -  H  strain:   Transmission  was  obtained  with  A.  balabacensis 
mosquitoes.   The  prepatent  period  was  6  days. 

P.  knowlesi  -  Malayan  strain:   Transmission  was  obtained  with  A.  balabacensis 
mosquitoes.   The  prepatent  period  was  8  days. 

_P.  f ieldi  -  Abi  strain:   Transmission  was  obtained  on  two  occasions  with 

A.  balabacensis  mosquitoes.   The  prepatent  periods  were  10  and  14  days. 

P.  inui  -  Leaf  Monkey  II  strain:   Transmission  was  obtained  with  A. 
balabacensis  mosquitoes.   The  prepatent  period  was  15  days. 

P.  inui  -  Taiwan  II  strain:   Transmission  was  obtained  on  two  occasions  with 
A.  balabacensis  mosquitoes.   The  prepatent  periods  were  both  10  days. 

P.  inui  -  Philippine  strain:   Transmission  was  obtained  with  A.  balabacensis 
mosquitoes.   The  prepatent  period  was  21  days. 

P.  cynomolgi  -  Bastianellii  strain:   Transmission  was  obtained  once  with 

A.  freeborni  mosquitoes  and  eleven  times  with  A.  maculatus  mosquitoes. 
The  prepatent  periods  ranged  from  8  to  13  days. 

P.  cynomolgi  -  M  strain:   Transmission  v/as  obtained  four  times  with  A. 
maculatus  mosquitoes.   The  prepatent  periods  were  11  days. 

P.  cynomolgi  -  Gombak  strain:   Transmission  was  obtained  with  A.  balabacensis 
mosquitoes.   The  prepatent  period  was  8  days. 
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Studies  have  been  completed  on  the  sporogonic  cycles  of  P.  cynomolgi 
B  strain,  F,    simium.  P.  schwetzi,  P.  knowlesi  and  P.  vivax  using  all  the 
species  of  Anopheles  available.   Different  rates  of  development,  different 
maximum  oocyst  diameters  and  different  times  to  oocyst  maturation  have 
indicated  that  these  studies  will  reveal  patterns  of  development  character- 
istic to  each  species  of  malaria.   Additional  studies  on  the  effect  of 
splenectomy  on  mosquito  infection  have  indicated  that  this  procedure  results 
in  increased  infectivity  of  P.  f ieldi  to  A.  freebomi  and  A.  balabacensis 
mosquitoes.   The  use  of  the  immunosuppressant  Immuran  failed  to  affect  the 
infection  of  the  mosquitoes  with  P.  fieldi.   Infections  of  P.  falciparum  and 
P.  vivax  in  Aotus  trivirgatus  monkeys  infected  A.  freebomi  and  A. 
balabacensis  mosquitoes. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

This  project  is  part  of  an  integrated  program  of  the  Laboratory  of 
Parasite  Chemotherapy  in  the  study  of  simian  malaria  in  monkeys  and  its 
relationship  to  man.   A  clear-cut  delineation  of  the  parasite-vector  relation- 
ship is  essential  to  the  proper  evaluation  of  the  potential  significance  of 
simian  malarias  as  zoonoses  in  human  populations.   Detailed  laboratory 
studies  on  the  biology  of  the  simian  parasites  in  the  mosquito  host  are 
necessary  as  a  supplement  to  the  work  being  done  by  other  units.   Further, 
there  is  a  need  for  varied  species  of  simian  malaria,  simulating  all  of  the 
human  species  in  life  pattern  and  morphology,  to  carry  on  significant  studies 
on  the  chemotherapy,  immunology,  and  other  aspects  of  malaria  research.   A 
full  exposition  of  the  host-parasite-vector  relationships  of  the  available 
monkey  parasites  is  a  necessity  in  providing  these  useful  host-parasite 
combinations.   The  finding  that  monkeys  infected  with  P.  falciparum  will 
infect  mosquitoes  makes  it  possible  to  study  the  effect  of  drugs  on  the 
ability  of  this  parasite  to  infect  mosquitoes.   It  also  will  serve  as  a 
source  of  P.  f ale  iparum- in  fee  ted  mosquitoes  for  use  in  drug  studies  in  man. 

Proposed  Course  of  the  Project :   These  studies  will  be  continued  and 
expanded  to  include  the  evaluation  of  a  number  of  anopheline  species  of 
mosquitoes  in  relation  to  their  potentials  as  vector  of  species  of  simian 
and  human  malaria.   Efforts  will  be  directed  toward  obtaining  large  numbers 
of  gland  positive  mosquitoes  of  several  simian  species  of  malaria  for  use  in 
inoculating  monkeys  for  tissue  parasite  studies.   Efforts  will  be  continued 
toward  developing  more  effective  and  efficient  means  not  only  of  producing 
larger  numbers  of  mosquitoes  for  laboratory  transmission  studies  but  also  of 
increasing  the  longevity  of  such  mosquitoes.   New  simian  hosts  for  the  human 
malarias  will  be  investigated  and  transmission  of  the  infection  to  man 
through  mosquitoes  attempted. 


40 


Serial  No.      NIAID-133 


Publications: 

Collins,  W.E,,  Contacos,  P.G.  and  Guinn,  E. :   Studies  on  the 
transmission  of  simian  malarias.   II.  Transmission  of  the  H  strain  of 
Plasmodium  knowlesi  by  Anopheles  balabacensis  balabacensis.   Jour.  Parasit. 
53:   841-844,   August  1967. 

Collins,  W.E.,  Contacos,  P.G. ,  Guinn,  E. ,  and  Held,  J.R, :   Studies 
on  the  transmission  of  simian  malarias.   III.  Infection  and  transmission 
of  Plasmodium  coatneyi  with  Anopheles  freeborni  and  A.  balabacensis 
balabacensis  mosquitoes.   Jour.  Parasit.  53:   1130-1134,   Dec.  1967. 

Collins,  W.E.,  Contacos,  P.G.,  Guinn,  E.,  and  Held,  J.R. : 
Transmission  of  Plasmodium  f ieldi  by  Anopheles  maculatus,  A.  stephensi 
and  A.  balabacensis  balabacensis.   Jour.  Parasit.  54:   376,   April  1968. 

Collins,  W.E.,  Contacos,  P.G.,  Guinn,  E.,  and  Held,  J.R.:   Some 
observations  on  the  transmission  of  Plasmodium  inui.   Jour.  Parasit.   (In 
Press) . 

Collins,  W.E.  and  Harrison,  A.J. :   An  apparent  inhibition  phenomenon 
in  anopheline  mosquitoes  infected  with  Sindbis  virus.   Mosquito  News  (In 
Pre  s  s )  . 
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1.  Parasite  Chemotherapy 

2.  Primate  Malaria 

3.  Chamblee,  Georgia 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 


Project  Title:   Studies  of  the  Exo-erythrocytic  Stages  of  Primate  Malaria 

Previous  Serial  Number:   Same 

Principal  Investigator:   Thomas  M.  Sodeman 

Other  Investigators:   Peter  G.  Contacos,  William  E.  Collins  and 
Joe  R.  Held 

Cooperating  Units:   None 

Man  Years: 

NIAID        Other  NIH 

Lab.  Staff   Personnel   Guest  Workers   TOTAL 
Assigned 

Total  2  9/12  2  9/12 

Professional       1  5/12  1  5/12 

Other  1  4/12  1  4/12 

Project  Description: 

Objectives:   (1)  To  describe  the  exo-erythrocytic  stages  of  species 
and  strains  of  malaria  for  which  they  have  not  previously  been  described; 
(2)  to  study  the  prophylactic  and  curative  effects  of  antimalarial  drugs  on 
the  exo-erythrocytic  stages  of  malaria  parasites  and  to  determine  the 
morphologic  alterations  within  the  exo-erythrocytic  stages  due  to  anti- 
malarial drugs;  (3)  to  develop  and  refine  the  fluorescent  antibody  technique 
to  locate  early  (1-4  day)  stages  of  the  exo-erythrocytic  body  in  order  to 
study  the  normal  morphologic  appearance  and  changes  due  to  antimalarial 
drugs;  (4)  to  compare  the  morphology  and  the  host-parasite  relationship  of 
the  newly  observed  exo-erythrocytic  forms  with  those  from  other  species. 

Methods  Employed:   Exo-erythrocytic  forms  are  produced  in  a  new  host 
by  transmission  through  a  mosquito  vector  from  a  previously  infected  host. 
This  is  accomplished  in  one  of  two  ways  depending  upon  the  ultimate 
objectives  of  the  specific  study:   (1)  by  mosquito  bite;  (2)  by  direct 
inoculation  of  sporozoites  into  the  liver. 

The  liver  sites  of  inoculation  are  biopsied  on  selected  days  after 
exposure  or  following  drug  therapy.   These  biopsies  are  processed  by  a  histo- 
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logical  paraffin  method,  as  frozen  sections,  or  by  freeze  substitution. 
Depending  on  the  purpose  of  the  study  these  sections  are  stained  with  dyes 
or  by  the  fluorescent  antibody  method. 

Major  Findings:   The  exo-erythrocytic  stages  of  five  species  of  simian 
malaria  were  studied.   Exo-erythrocytic  stages  identified  in  four  of  the 
species  were  in  many  cases  previously  undescribed.   They  showed  no  character- 
istic morphologic  differences  from  previously  described  forms  that  would 
permit  species  identification.   The  only  consistent  morphologic  feature  for 
a  species  is  the  size  of  the  stage  at  a  given  time  in  development. 

Studies  on  the  prophylactic  and  curative  effects  of  an  investigational 
antimalarial,  RC- 12,  were  carried  out.   Exo-erythrocytic  stages  from  liver 
biopsies  taken  at  varying  times  after  administration  of  RC-12  showed  a 
marked  retardation  of  growth.   Degenerative  changes  in  the  exo-erythrocytic 
forms  were  evident,  particularly  in  biopsies  from  monkeys  that  received  high 
doses  of  RC-12.   There  was  no  liver  cell  alteration.   When  given  within  four 
days  of  inoculation  RC-12  prevented  exo-erythrocytic  development.   Seven 
days  of  25  mg/Kg  of  RC-12  in  combination  with  quinine  has  resulted  in  radical 
cures  of  simian  malaria.   To  determine  the  shortest  possible  course  that  will 
be  effective  we  are  currently  administering  RC-12  for  five  and  six  days  to 
rhesus  monkeys  infected  with  Plasmodium  cynomolgi.   Results  are  not  yet 
complete,  but  indicate  an  effective  cure  with  five  days  of  therapy. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

Since  the  earliest  use  of  antimalarial  chemotherapeutic  agents  it  has 
been  recognized  that  relapses  often  occur  in  previously  treated  patients. 
It  is  now  understood  that  these  relapses  occur  because  of  the  release  of 
forms  from  the  exo-erythrocytic  stages,  these  stages  having  been  resistant 
to  the  therapy.   Therefore,  it  is  extremely  important  that  the  activity  of 
any  new  candidate  antimalarial  drug  against  the  exo-erythrocytic  stages  be 
known.   It  is  particularly  important  to  develop  methods  for  location  of  early 
exo-erythrocytic  stage  to  locate  relapse  stages  of  exo-erythrocytic  forms. 
Where  previously  there  was  only  one  system,  with  tertian  malaria,  in  which 
this  activity  could  be  tested  for  in  primates,  this  project  has  gained  the 
necessary  information  and  techniques  to  enable  investigators  to  efficiently 
test  antimalarial  drugs  against  the  exo-erythrocytic  stages  in  other  types 
of  malaria.   In  addition,  this  project  is  part  of  an  integrated  program  of 
the  Laboratory  of  Parasite  Chemotherapy  to  study  simian  malaria  in  monkeys 
and  man.   Studies  are  made  of  the  biology  (host-parasite  relationship,  life 
cycle,  etc.)  of  the  species  and  strains  of  simian  malaria  in  monkeys  in  order 
to  proceed  with  chemotherapeutic  studies  and  studies  of  the  parasites  in  man. 

Proposed  Course  of  the  Project:   (1)  The  demonstration  of  yet 
undescribed  exo-erythrocytic  stages  of  malaria;  (2)  to  complete  observations 
on  the  morphologic  effects  of  RC-12  on  exo-erythrocytic  forms  and  further 
evaluate  this  drug  as  a  prophylactic  and  curative  antimalarial;  (3)  to  apply 
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the  fluorescent  antibody  technique  for  localization  of  early  exo-erythrocytic 
stages. 

Publications: 

Held,  J.R.,  Contacos,  P,G. ,  Jumper,  J.R.,  and  Smith,  C.S.:   Direct 
hepatic  inoculation  of  sporozoites  for  the  study  of  the  exo-erythrocytic 
stages  of  simian  malarias.   Jour.  Parasitology  53:   656-657,   June  1967. 

Held,  J.R.  and  Contacos,  P.G.:   Studies  of  the  exo-erythrocytic 
stages  of  simian  malaria.   II.  Plasmodium  coatneyi.   Jour.  Parasitology  53: 
910-918,   Oct.  1967. 

Held,  J.R. ,  Contacos,  P.O.,  Jumper,  J.R. ,  and  Smith,  C.S.:   Studies 
of  the  exo-erythrocytic  stages  of  simian  malaria.   III.  Plasmodium  inui. 
Jour.  Parasitology  54:   249-254,   April  1968. 
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1.  Parasite  Chemotherapy 

2.  Primate  Malaria 

3.  Charablee,  Georgia 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 


Project  Title:   Immuno-ecology  of  Primate  Malaria 

Previous  Serial  Number:   Same 

Principal  Investigators:   William  E.  Collins  and  McWilson  Warren 

Other  Investigators:   Geoffrey  M.  Jeffery 

Cooperating  Units:   Institute  for  Medical  Research,  Kuala  Lumpur,  Malaysia; 

Naval  Medical  Research  Unit  #3,  Field  Facility,  Ethiopia; 
The  World  Health  Organization 


Guest  Workers   TOTAL 


Man  Years: 

NIAID 

Other  NIH 

Lab.  Staff 

Personnel 
Assigned 

Total 

10/12 

Professional 

8/12 

Other 

2/12 

10/12 
8/12 
2/12 


Project  Description: 


Objectives:   To  explore  the  total  ecology  of  malaria  and  to  correlate 
circulating  antibodies  with  the  actual  presence  of  parasites  and  to  orient 
both  of  these  factors  with  transmission  cycles,  level  of  endemlcity,  and 
relative  amounts  of  clinical  disease. 

Methods  Employed:   Blood  samples,  on  filter  paper,  were  collected 
from  human  populations  in  areas  endemic  for  malaria.   These  specimens  were 
returned  to  the  central  laboratory  in  Chamblee,  Georgia  for  determination  of 
fluorescent  antibody  titers.   The  accompanying  field  studies  varied  in  scope, 
but  wherever  possible  the  following  investigations  were  carried  out:   (1) 
Glemsa- stained  blood  films  of  the  human  population  for  parasite  rates  and 
species  identification;  (2)  surveys  for  malaria  parasites  in  mammals  other 
than  man;  and  (3)  studies  on  the  anopheline  fauna,  including  identification, 
seasonal  distribution,  biology  and  malaria  Infection  rate. 

Major  Findings:   An  analysis  of  over  1,900  sera  from  Malaysians 
indicated  that  the  FA  responses  correlated  well  with  the  parasitological 
data  in  hyperendemic  areas  for  malaria.   In  populations  of  hypoendemic 
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malaria,  the  serological  responses  indicated  the  previous  experience  of  the 
population  was  considerably  higher  than  could  be  indicated  by  the  para- 
sitological  data  alone.   In  populations  in  which  a  suppressive  drug  program 
had  begun  3  years  previously,  the  separation  between  the  parasitological  and 
the  serological  results  was  even  more  pronounced.   Thus,  the  FA  technique 
can  be  most  useful  in  providing  information  on  both  the  current  and  past 
incidence  of  malaria. 

A  total  of  1,142  sera  collected  in  the  north  central  highlands  of 
Ethiopia  were  examined  for  the  presence  of  antibodies  to  malaria  and  for 
the  presence  of  circulating  parasitemias.   This  area  is  one  characterized 
by  the  presence  of  periodic  epidemics  of  P.  falciparum  malaria.   Of  the  987 
samples  collected  from  altitudes  of  6,000  feet  or  higher,  only  3.6  percent 
had  FA  serum  dilution  endpoints  which  could  be  considered  as  being  positive. 
However,  samples  from  two  villages  located  at  altitudes  of  approximately 
5,000  feet  had  32.3  percent  with  positive  responses.   The  maximum  positive 
responses  were  to  the  P.  falciparum  antigen  followed  by  P.  malariae  and  then 
P.  vivax.   The  parasitological  data  complemented  the  results  of  the  serologic 
tests.   It  was  suggestive  that  the  highland  areas  of  Ethiopia,  where  this 
minimal  level  of  immune  response  was  found,  are  susceptible  to  further 
epidemics  of  malaria,  and  that  the  villages  located  at  lower  altitudes  but 
proximal  to  these  highlands  may  serve  as  the  foci  for  future  epidemics. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

The  immunological  studies  using  the  FA  technique  offer  an  opportunity 
to  determine  prior  experience  with  malaria  of  populations  in  areas  endemic 
for  malaria.   The  opportunity  to  correlate  field  studies  with  laboratory 
investigations  greatly  expands  our  potential  for  study  on  the  basic  problems 
associated  with  human  malaria. 

This  type  of  investigation  gives  us  an  insight  into  the  mechanisms 
of  the  development  of  protective  responses  in  populations  naturally  infected 
with  malaria.   Information  derived  from  these  studies  will  eventually  enable 
us  to  predict  the  future  course  of  malaria  in  areas  of  high  endemicity,  such 
as  Ethiopia,  and  possible  to  alert  health  authorities  on  the  developing 
potential  of  epidemics. 

Proposed  Course  of  the  Project:   Continuing  cooperative  studies  are 
anticipated  with  the  Naval  Medical  Research  Unit  #3,  Ethiopia,  particularly 
in  studies  in  lowland  areas  where  the  endemicity  of  malaria  is  higher.   These 
investigations  will  be  expanded  to  other  areas  of  Africa  and  South  America 
as  our  techniques  improve  and  the  occasions  arise. 

Publications: 

Collins,  W.E.,  Warren,  M. ,  Skinner,  J.C.,  and  Fredericks,  H.K. : 
Studies  on  the  relationship  between  serologic  response  and  ecology  of  malaria 
in  Malaysia.   Bull.  WHO   (In  Press). 
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Project  Description: 

Objectives :   1)  To  determine  the  development  and  long-term  persist- 
ence of  specific  antibody  in  malaria  infected  humans  and  monkeys;  2)  to 
study  the  immunological  relationships  between  the  different  species  of 
human  and  simian  malarias ;  3)  to  determine  the  effect  of  drug  intervention 
and  surgical  procedures  on  the  development  and  persistence  of  antibody 
reactions . 

Methods  Employed:  Serum  samples  are  derived  from  patients  and 
animals  prior  to  infection  and  at  regular  intervals  thereafter  to  determine 
by  fluorescent  antibody  methods  the  rate  of  specific  antibody  production 
and  the  persistence  and  titer  of  antibody  during  the  months  and  years 
following  termination  of  the  malaria  infection.   Animals  having  past  ex- 
perience with  malarial  infection  are  challenged  with  heterologous  species 
and  strains  of  Plasmodium  sp .  and  the  immunological  response  studied  by 
the  fluorescent  antibody  technique.   Animals  are  given  curative  and  sub- 
curative  treatments  with  antimalarial  drugs  and  the  effect  of  such  treatment 
measured  using  the  FA  technique.   Animals  which  have  been  splenectomized 
or  otherwise  surgically  treated  before  and  after  malarial  infection  are 
studied  in  regards  to  the  FA  response.   Sera  from  patients  infected  with 
malaria  are  studied  using  the  specifically  labeled  immune  globulins  to 
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determine  the  patterns  of  response  to  each. 

Major  Findings:   Over  1000  sera  from  volunteers  infected  with  malaria 
were  tested  after  varying  periods  of  infection  using  a  FA  technique  employ- 
ing fluorescein  labeled  globulins  to  the  three  specific  immune  globulins. 
The  results  indicated  that  the  IgG  fraction  rose  early  after  infection  to 
a  very  high  level  and  persisted  the  longest.   The  IgM  fraction  also  rose 
early  to  a  high  level  but  soon  decreased  in  its  level  of  response.   On  some 
occasions,  a  secondary  episode  of  malaria  failed  to  elicit  a  rise  in  the 
IgM  response  whereas  the  IgG  level  rose  markedly.   The  IgA  fraction  ex- 
hibited only  minimal  levels  of  response  as  a  result  of  malarial  infection. 

An  examination  of  sera  from  monkeys  with  malarial  infection  indicated 
that  if  the  infections  are  very  short  in  duration  (3  to  5  days) ,  the 
antibody  response  rises  to  a  high  level  but  persists  for  a  very  short  period 
of  time,  and  that  after  approximately  5  months  it  has  returned  to  its  pre- 
patent  level.   In  animals  infected  with  a  relapsing  malaria  (P.  cynomolgi  - 
M  strain) ,  each  relapse  resulted  in  a  rise  in  antibody  response  which  was 
followed  by  a  rapid  decline,  thus  making  it  possible  to  determine  the  time 
of  each  relapse  by  studying  the  antibody  response  patterns. 

In  efforts  to  determine  the  relationships  between  the  many  different 
isolates  of  quartan  malaria  from  Asia  which  have  been  designated  as 
Plasmodium  inui,  15  isolates  from  geographical  sites  ranging  from  India  to 
the  Philippines  were  examined  using  the  FA  technique.   Multiple  sera  from 
animals  infected  with  each  isolate  were  tested  simultaneously  against  the 
15  antigens  and  mean  FA  endpoints  determined.   Using  this  technique,  it 
was  found  that  at  least  two  isolates  are  immunologically  distinct  from  the 
others  and  might  be  considered  separate  species,  or  at  least  sub-species. 
Some  isolates  which  react  with  the  antigens  of  all  the  others  on  an  almost 
equal  level  may  be  considered  as  stem  or  primary  isolates  of  the  species. 

As  a  service  to  VA  Hospitals,  State  Health  Laboratories  and  Military 
Hospitals,  approximately  200  sera  from  patients  with  possible  malaria  in- 
fections were  evaluated  using  four  different  plasmodial  antigens  (P. 
falciparum,  P .  vivax,  P  .  ovale ,  and  P .  malariae) . 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

The  immunological  studies  using  the  fluorescent  antibody  technique 
offer  an  opportunity  to  measure  the  effect  of  prior  experience  with  malaria 
on  current  clinical  attack  and  to  determine  the  presence  of  malarial 
experience  in  an  endemic  population.   The  FA  studies  enable  a  grouping  of 
the  different  species  of  simian  and  human  malaria  in  regards  to  immuno- 
logical response.   These  studies  also  make  possible  an  evaluation  of 
various  drug  treatments  on  the  antibody  response  and  the  effect  of  limited 
malarial  experience  on  FA  response  and  clinical  resistance  to  malaria. 

Proposed  Course  of  the  Project: 
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Further  efforts  will  be  directed  towards  studying  the  effect  of 
splenectomy  and  other  surgical  procedures  as  well  as  the  use  of  immuno- 
suppressant drugs  on  the  immulogic  response  to  malarial  infection.   Efforts 
will  be  made  to  use  newer  techniques  of  fluorometric  analysis  to  improve 
the  accuracy,  reproducibility  and  sensitivity  of  the  FA  technique.   Studies 
will  continue  on  the  development  and  persistence  of  the  antibody  response 
in  monkeys  infected  with  different  species  of  malaria  and  to  determine 
the  effect  of  multiple  infection  and  chemotherapy  on  antibody  response. 

Publications : 

Collins,  W.  E.,  Skinner,  J.  C,  Contacos,  P.  G.,  and  Guinn,  E.  G. 
Fluorescent  antibody  studies  on  simian  malaria:   II.   Development  of  anti- 
bodies to  Plasmodium  cynomolgi .   Amer .  J.  Trop .  Med.  &  Hyg .  16  (3)  :  267- 
272.   May,  1967. 

Luby,  J.  P.,  Collins,  W.  E.  and  Kaiser,  R.  L.:   Malarial  antibody 
persistence  in  patients  infected  during  the  Lake  Vera,  California  outbreak 
of  malaria,  1952-1953.   Amer.  J.  Trop.  Med.  &  Hyg.  16  (3):  255-257.  May 
1967. 

Collins,  W.  E.,  Skinner,  J.  C.  and  Coifman,  R.  E.:   Fluorescent 
antibody  studies  in  human  malaria:   V.   Response  of  Nigerian  sera  to  five 
Plasmodium  antigens.   Amer.  J.  Trop.  Med.  &  Hyg.  16  (3):  568-571. 
September,  1967. 

Collins,  W.  E.,  Skinner,  J.  C.,  and  Jeffery,  G.  M.  :  Studies  on 
the  persistence  of  malarial  antibody  response.   Jour.  Epidemiology,  (In 
Press) . 
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Project  Description: 


Objectives :   (1)  To  evaluate  the  possibilities  for  effective 
biologic  prophylaxis  against  malaria;  and  (2)  to  analyze  the  antigenic 
composition  of  various  species  and/or  strains  of  simian  malaria. 

Methods  Employed:   For  the  antigenic  analysis  and  the  active 
immunization  studies,  pure  parasite  suspensions  are  obtained  from  monkeys 
at  the  time  of  peak  parasitemia.   Packed  parasitized  erythrocytes  are 
treated  with  saponin  to  free  the  parasite  from  the  red  cell.   The  parasites 
are  then  washed  repeatedly  with  buffered  saline.   The  packed  parasites  are 
crushed  in  a  Hughes  tissue  press  and  the  antigenic  components  extracted 
by  mixing  with  dilute  salt  solutions.   Another  method  utilized  in  the  pre- 
paration of  antigen  is  to  repeatedly  freeze  and  thaw  the  parasitized 
erythrocytes.   The  parasitic  and  erythrocytic  stroma  are  removed  by  centri- 
fugation,  and  the  soluble  malarial  antigens  present  in  the  red  blood  cell 
are  used  for  various  purposes .   The  antigens  prepared  as  above  are  studied 
by  gel  filtration  chromatography  in  order  to  effect  a  separation  of 
antigenic  components,  and  allow  concentration  of  the  individual  antigens. 
Monkeys  are  actively  immunized  with  protein  extracts  of  the  crushed 
parasites,  with  intact  parasitized  erythrocytes,  or  with  intact  parasites 
freed  from  the  red  blood  cell  by  lysis.   After  a  suitable  period  of  time, 
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the  monkeys  are  challenged  with  malaria.   Presence  of  antibody  in  the 
serum  of  the  immunized  animals  is  confirmed  by  indirect  FA  and  immuno- 
electrophoresis .   Antigenic  composition  of  the  various  preparations  is 
studied  by  immunoelectrophoresis .   Passive  immunization  is  studied  by 
administering  immune  globulin  to  monkeys  in  a  dose  of  100  mg/Kg.   The  gamma 
globulin  is  prepared  from  blood  obtained  from  monkeys  evidencing  a  degree 
of  immunity  to  malaria.   The  ion  exchange  batch  technique  is  utilized  in 
preparing  relatively  pure  gamma  globulin.   The  gamma  globulin  if  given  prior 
to  exposing  the  monkeys  to  bites  of  heavily  infected  mosquitoes  and  at  15 
day  intervals  for  3  doses. 

Major  Findings:   Using  a  high  titered  antiserum  from  an  artifically 
immunized  monkey,  there  are  as  many  as  six  precipitin  arcs  present  when 
antigen  from  the  crushed  parasite  is  studied  by  immunoelectrophoresis. 
When  studying  the  soluble  erythrocytic  antigen  similarly,  only  3  arcs  are 
visible.   An  interesting  but  perplexing  finding  is  the  absence  of  precipitin 
arcs  when  any  of  the  antigenic  preparations  are  reacted  against  serum  from 
animals  that  have  had  malaria  and  show  evidence  of  immunity,  but  have  not 
been  artifically  immunized.   Antibody  is  present,  however,  because  the  in- 
direct FA  titer  may  be  high  .   Other  methods  of  detecting  non-precipitating 
antibody  have  not  yet  been  successfully  applied  to  this  problem. 

Antigenic  preparations  utilized  in  active  immunization  include;: 
(1)  Aqueous  extracts  from  crushed  parasites;  (2)  Intact  parasites  freed 
from  erythrocytes  by  lysis;  and  (3)  Parasitized  packed  erythrocytes.   After 
the  initial  injection  with  the  antigen-adjuvant  mixture  and  up  to  three 
booster  injections,  all  monkeys  were  challenged  with  malaria  by  bites  of 
heavily  infected  mosquitoes.   Appropriate  control  monkeys  were  also  exposed 
to  infection.   Monkeys  passively  immunized  were  similarly  challenged.   There 
were  no  significant  differences  in  the  prepatent  periods,  parasitemia 
patterns,  or  maximal  parasite  counts  for  all  animals  despite  the  presence 
of  precipitating  as  well  as  fluorescing  antibody. 

It  appears  from  our  initial  results  that  circulating  antibody 
(precipitating  and  fluorescing)  is  not  of  major  importance  in  either  pro- 
tecting against  malaria  or  in  altering  the  course  as  it  emerges. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

Until  recently  the  availability  of  reliable  and  effective  anti- 
malarial chemotherapy  precluded  the  necessity  for  intensive  immunologic 
studies  relating  primarily  to  biologic  prophylaxis  against  malaria.   How- 
ever, with  the  advent  of  some  strains  of  falciparum  malaria  resistant  not 
only  to  all  the  accepted  synthetic  antimalarials  but  also  to  quinine,  the 
need  for  such  studies  became  obvious.   The  effectiveness  with  which  passive 
or  active  immunization  will  protect  monkeys  against  infection,  not  only  to 
the  homologous  malaria  parasite  but  more  especially  to  the  heterologous 
parasite,  should  indicate  the  feasibility  of  effective  biologic  prophylaxis 
against  malaria  in  man.   In  addition,  antigenic  analysis  of  strains  and/or 
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speciesof  simian  malaria  parasites  might  serve  as  an  aid  in  placing  these 
various  isolates  in  their  proper  taxonomic  place. 

Proposed  Course  of  the  Project:   The  studies  will  be  continued  with 
emphasis  on  separation  of  antigenic  fractions  by  means  of  column  chroma- 
tography.  These  individual  fractions  will  then  be  tested  for  their 
immunizing  ability  against  malaria. 
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Professional 
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NIAID  Other  NIH 
Lab.  Staff  Personnel 
Assigned 


Guest  Workers 


1  9/12 
10/12 
11/12 


TOTAL 


1  9/12 
10/12 
11/12 


Project  Description: 

Objectives :   To  develop,  using  P.  inui  and  P.  knowlesi,  renal 
lesions  similar  to  those  seen  in  both  acute  and  chronic  malaria  in  man  for 
evaluation  of  the  pathophysiologic  changes. 

Methods  Employed:   P.  inui, a  quartan  form  of  simian  malaria,  will  be 
used  to  study  changes  in  renal  function  in  chronic  malaria  and  ?_.    knowlesi 
in  acute  malaria.   Renal  function  studies  will  consist  of  clearance  and 
renal  plasm  flow  determinations,  related  blood  chemistries  and  observations 
on  urine  constituents.   These  studies  will  be  carried  out  before  infection 
and  during  acute  and  chronic  stages  of  infection.   Renal  biopsies  for  an 
evaluation  of  the  histologic  changes  with  particular  emphasis  on  the 
glomerular  basement  membrane  and  antibody  deposits  will  be  performed 
throughout  the  course  of  the  infection. 

Major  Findings:   This  project  is  in  the  initial  stages  and  no 
findings  are  available. 
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Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

Renal  changes  in  both  chronic  and  acute  malaria  occur  throughout 
malarious  regions.   They  present  most  frequently  as  a  nephrotic  syndrome 
in  quartan  malaria  and  acute  renal  failure  in  tertian  malaria.   The  exact 
lesions  are  unclear  both  in  their  histologic  nature  and  the  possible  role 
that  antibody-antigen  complexes  may  play.   Alteration  in  renal  function 
has  been  hinted  at  but  studies  have  been  limited  to  clinical  procedures. 

This  project,  utilizing  rhesus  monkeys  and  simian  malaria  as  an 
experimental  model,  will  alow  more  precise  renal  function  studies  and 
frequent  biopsies  during  the  course  of  the  infection.   Such  studies  should 
lead  to  a  clarification  of  the  renal  changes  in  malaria  that  would  prove 
useful  in  the  therapeutic  handling  of  renal  abnormalities  and  give  a  base 
line  for  interpretation  of  the  effects  of  antimalarial  drugs  on  renal 
function. 

Proposed  Course  of  the  Project:   The  course  is  (1)  to  continue 
evaluation  of  renal  pathophysiology  in  malaria  and  (2)  to  provide  base- 
line renal  studies  for  future  evaluation  of  antimalarial  drugs. 
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5/12 
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3/12 
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2/12 

5/12 
3/12 
2/12 


Project  Description: 


Objectives:   (1)  To  develop,  using  fluorescent  dyes,  a  method  for 
locating  malaria  parasites  during  low  level  parasitemias;  (2)  to  determine 
the  distribution  of  nucleic  acids  in  the  various  stages  of  the  malaria 
parasite  cycle  and  to  observe  the  effects  of  antimalarial  drugs  on  these 
nucleic  acids. 

Methods  Employed:   Thin  blood  films,  fixed  in  methanol,  and 
dehemoglobinized  thick  films  are  stained  in  an  aqueous  acridine  orange 
solution,  then  washed  in  buffered  water  and  dried.   These  slides  are  studied 
for  parasites  under  a  fluorescent  microscope  using  lOX  and  40X  objectives. 
The  parasite,  when  located,  is  circled  and  the  slide  destained  and  restained 
with  Giemsa  for  identification  of  the  species.   The  pH,  concentration  and 
period  of  staining  are  critical  to  bring  about  the  maximum  fluorescence  of 
the  parasite  and  for  differential  staining  of  the  parasite  and  white  blood 
cells.   For  evaluation  of  low  level  parasitemia,  blood  smears  are  collected 
from  monkeys  for  seven  days  from  the  time  of  infection.   The  nucleic  acid 
distribution  is  determined  in  a  similar  fashion  using  both  wet  and  dry  blood 
films. 
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Major  Findings:   Thin  blood  films  stained  with  acridine  orange  at 
specific  pH  and  concentrations  permitted  easy  distinction  between  malaria 
parasites  and  normal  blood  constituents,  using  a  lOX  objective.   Rapid 
scanning  of  large  areas  of  thin  films  for  malaria  parasites  was  then 
possible.   An  application  of  this  method  to  thick  smears  is  presently  under 
evaluation.   The  determination  of  the  distribution  of  nucleic  acids  in  the 
malaria  parasite  will  be  initiated  on  completion  of  the  first  objective. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

The  advantage  in  being  able  to  locate  and  identify  a  malaria  parasite 
rapidly  in  blood  smears  from  individuals  with  low  level  parasitemia  would 
allow  more  efficient,  accurate  evaluation  of  the  effects  of  malaria 
eradication  programs.   This  method  would  also  be  particularly  useful  in 
identifying  low  level  parasitemias  in  patients  where  treatment  had  failed 
to  cure  the  infection  and  in  the  identification  of  blood  donois  as  malaria 
carriers. 

The  second  objective,  the  determination  of  nucleic  acid  distribution 
in  malaria  parasites,  may  provide  further  clarification  of  the  action  of 
antimalarial  drugs  on  metabolism  of  the  parasite. 

Proposed  Course  of  the  Project:   The  course  is  to  continue  evaluation 
of  the  use  of  fluorochrome  stains  in  malaria. 
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2.  Primate  Malaria 

3.  Atlanta,  Georgia 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 

Project  Title:   Studies  on  simian  malaria  in  human  volunteers 

Previous  Serial  Number :   Same 

Principal  Investigator:   Peter  G.  Contacos 

Other  Investigators:   Marvin  H.  Jeter,  Edward  Alpert,  William  E.  Collins, 
and  Leonard  S.  Gall 

Cooperating  Units:   1.   Department  of  Justice,  Bureau  of  Prisons 

2.  Department  of  Pharmacology,  Louisiana  State 
University  School  of  Medicine 

3.  Delta  Regional  Primate  Center,  Covington, 
Louisiana 


Man  Years 


Total 

Professional 

Other 
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Other  NIH 
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Assigned 


Guest  Workers   TOTAL 


4  6/12 
1  6/12 
3 


4  6/12 
1  6/12 
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Project  Description: 

Objectives  :   To  determine  the  infectivity  to  man  of  the  simian 
malarias  and  to  study  the  course  of  infection  of  these  species  in  man. 

Methods  Employed:   Inmate  volunteers  at  the  U.  S.  Penitentiary, 
Atlanta,  Georgia,  who  are  under  40  years  of  age,  are  screened  before  their 
admission  to  the  project.   Volunteers,  whether  seen  as  outpatients  or  as 
inpatients,  are  under  the  care  of  the  resident  investigators.   The 
volunteers  submit  freely  to  all  necessary  laboratory  procedures  and  receive 
medications  only  as  prescribed.   Participation  on  a  project  usually  is  for 
a  period  of  six  months . 

Attempts  to  transmit  malaria  infections  from  monkeys  to  the 
volunteers  are  always  by  means  of  infective  mosquito  bites.   When  a  simian 
malaria  is  established  in  a  volunteer,  his  infection  may  be  transmitted  to 
other  volunteers  either  by  mosquito  bites  or  inoculation  of  parasitized 
blood.   The  clinical  and  parasitological  course  of  the  infection  is  closely 
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followed.   Treatment  is  with  the  standard  antimalarial  drugs. 
Major  Findings: 

A.  Plasmodium  schwetzi :   P.  schwetzi  is  a  tertian  malaria 
parasite  of  the  chimpanzee  which  in  the  past  has  been  considered  by  some 
to  be  vivax-like  in  appearance  and  by  others  as  a  subspecies  of  P.  vivax. 
Anopheles  balabacensis  balabacensis  mosquitoes  fed  on  a  chimpanzee  with 
P.  schwetzi  gametocytes  became  infected  and  were  allowed  to  bite  three 
volunteers  (2  Caucasians  and  1  Negro).   Of  these,  only  the  two  Caucasian 
volunteers  developed  patent  infections  at  24  days  and  104  days  after 
exposure  to  infections.   From  them  the  infection  was  passed  serially  by 
parasitized  blood  to  9  volunteers.   Maximum  parasite  counts  reached  2,750 
per  mm  of  blood.   Maximum  temperature  observed  in  any  volunteer  was 
105. 6°F. 

B.  Plasmodium  cynomolgi  (SM  strain)  :   During  the  year  a  new 
strain  of  P.  cynomolgi  was  isolated  by  Dr.  McWilson  Warren  from  a  stump- 
tail  macaque  (Macaca  speciosa)  at  the  Smithsonian  Zoo  in  Washington.   Two 
volunteers  bitten  by  mosquitoes  infected  with  this  strain  developed  patent 
infections  at  25  and  26  days. 

C.  Plasmodium  cynomolgi  (Gombak  strain)  :  This  strain  has  been 
in  our  laboratories  for  several  years .   Several  attempts  in  the  past  to 
infect  man  with  this  strain  have  been  unsuccessful .   During  this  current 
year,  we  have  succeeded  in  infecting  one  of  three  volunteers  bitten  by 
mosquitoes  infected  with  this  strain.   The  prepatent  period  was  prolonged 
(52  days) . 

D.  Other  simian  malarias:   Continued  attempts  to  infect  man 
with  Plasmodium  fieldi  (an  ovale-like  parasite  of  monkeys)  have  been 
unsuccessful.   The  same  was  true  for  the  leaf-monkey  strain  of  P.  inui . 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

Since  the  finding  in  1960  that  a  simian  malaria  parasite,  P.  cynomolgi, 
could  be  transmitted  to  man  through  mosquitoes  with  some  ease,  an  intensive 
investigation  of  man's  susceptibility  and  vulnerability  to  such  parasites 
has  been  undertaken.   Studies  on  the  ecology  of  the  human  and  simian 
malarias  in  the  field  have  defined  the  circumstances  under  which  man  may 
be  exposed  to  such  infections,  and  experimental  studies  in  volunteers  have 
established  that  at  least  some  simian  malarias  can  be  considered  potential 
true  zoonoses  in  man.   The  degree  to  which  this  zoonosis  may  affect  the 
worldwide  programs  of  malaria  eradication  and  control  is  still  in  doubt. 
It  appears  that  at  the  present  point  in  time,  in  the  areas  that  have  been 
thoroughly  investigated,  the  presence  of  sporadic  cases  of  simian  malaria 
in  man  is  not  broadly  significant.   It  does  become  important,  however,  to 
investigate  fully  these  malarias  as  infections  of  man  in  the  event  that  at 
some  point  in  the  future,  when  the  prevalence  of  human  malaria  is  decreasing. 
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the  simian  malarias  may  become  a  significant  problem. 

In  general,  the  simian  malarias  in  man  have  been  characterized  by 
a  relatively  mild,  self-limiting  course  of  infection.   For  certain  studies 
of  the  relationship  of  the  parasite  to  the  human  host,  these  well  tolerated 
infections  may  provide  a  useful  model .   Infections  can  often  be  allowed 
to  run  a  natural  course,  without  chemotherapeutic  interferance  and  with- 
out undue  discomfort  to  the  volunteer,  making  possible  observations  on 
the  host  response  which  would  otherwise  be  impossible. 

Proposed  Course  of  the  Project:   Studies  on  simian  malarias  in  man 
will  be  continued  with  emphasis  on  (1)  the  establishment  of  additional 
simian  malaria  species  in  man  and  (2)  the  transmission  of  these  from  man 
to  man  and  from  man  back  to  the  monkey;  i.e.,  studying  their  potentials 
as  true  zoonoses . 

Publications : 

Chin,  W.,  Contacos,  P.O.,  Collins,  W.E.,  Jeter,  M.H.,  and  Alpert,  E. 
The  Experimental  Mosquito  Transmission  of  Plasmodium  knowlesi  to  Man  and 
Monkey.   Am.  J.  Trop.  Med.  &  Hyg .  (In  Press). 
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1.  Parasite  Chemotherapy 

2.  Primate  Malaria 

3.  Atlanta,  Georgia 

PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 

Project  Title:   Evaluation  of  New  Antimalarial  Drugs  and/or  New  Drug 
Regimens 

Previous  Serial  Number:   Same 

Principal  Investigators:   Peter  G.  Contacos  and  Marvin  H.  Jeter 

Other  Investigators:   Geoffrey  M.  Jeffery,  Edward  Alpert,  Leonard  S,  Gell, 
and  Thomas  M.  Sodeman 

Cooperating  Units:   Department  of  Justice,  Bureau  of  Prisons 

Man  Years: 

NIAID        Other  NIH 

Lab,  Staff   Personnel   Guest  Workers   TOTAL 
Assigned 


Total  3  9/12  3  9/12 

Professional       1  5/12  1  5/12 

Other  2  4/12  2  4/12 

Project  Description: 

Objectives:   To  evaluate  (1)  the  combined  Chloroquine- Primaquine 
prophylactic  and  radical  curative  drug  regimen  against  relapsing  Plasmodium 
vivax  malaria  and  (2)  the  antimalarial  efficacy  of  RC-12  nephthalene 
di sulfonate  as  a  prophylactic  and/or  radical  curative  drug. 

Methods  Employed:   Healthy  inmate  volunteers  at  the  U,  S,  Penitentiary, 
Atlanta,  Georgia,  are  screened  before  they  are  admitted  to  the  project. 
Volunteers  are  under  24-hour  care  and  supervision  of  the  resident  investiga- 
tors.  For  the  evaluation  of  chemo therapeutic  agents  against  malaria, 
volunteers  are  usually  exposed  to  infection  by  the  bites  of  infected  mosqui- 
toes and  only  occasionally  by  the  intravenous  inoculation  of  homologous 
parasitized  blood.   For  studies  on  the  prophylactic  and/or  suppressive  effect 
of  drugs,  volunteers  are  medicated  before  exposure  to  infection.   For  studies 
on  the  therapeutic  and/or  radical  curative  effects  of  drug,  volunteers  do  not 
receive  drugs  until  patent  infection  is  demonstrated.   Volunteers  are  observed 
for  a  minimum  of  six  months  although  follow-up  has  been  extended  at  times  for 
up  to  18  months. 
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Major  Findings: 

I.   Prophylactic  and  Radical  Curative  Effect  of  Combined 

Chloroquine- Primaquine. 

In  these  studies,  the  drug  regimen  consisted  of  eight  doses  given 
at  weekly  intervals  of  combined  chloroquine-primaquine  (chloroquine  300  mg 
base  and  primaquine  45  mg  base) .   Twenty  volunteers  were  included  in  this 
study;  sixteen  were  exposed  to  a  South  Vietnam  strain  of  Plasmodium  vivax; 
four  were  exposed  to  the  Chesson  strain  of  P.  vivax.   Three  of  the  four 
volunteers  in  the  Chesson  vivax  group  were  treated  prophylactically,  one 
therapeutically.   Of  the  16  volunteers  in  the  SV  vivax  group,  10  were 
treated  prophylactically  and  6  therapeutically.   Through  a  9  to  14  month 
observation  period,  this  drug  regimen  has  apparently  protected  or  cured  all 
the  volunteers  in  the  SV  vivax  malaria  group.   However,  in  the  Chesson  vivax 
group,  two  of  the  three  volunteers  receiving  the  drug  prophylactically  were 
not  protected;  one  volunteer  developed  patent  infection  103  days  after 
exposure  to  infection  (47  days  after  the  last  dose  of  drugs) . 

II.   Antimalarial  Efficacy  of  RC-12  Naphthalene  Disulfonate. 

There  are  no  major  findings.   This  study  has  yet  to  be  initiated. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

A  standard  curative  and  prophylactic  regimen  of  chloroquine-primaquine 
for  P.  vivax  consists  of  weekly  doses,  continued  for  at  least  8  weeks  after 
departure  from  the  risk  area.   Strains  from  various  geographic  areas  differ 
in  their  response  to  this  regimen.   It  is  somewhat  reassuring  to  find  that 
the  Vietnam  strains  appear  to  be  sensitive  to  this  regimen.   The  number  of 
relapses  occurring  in  Vietnam  veterans  now  appears  to  be  more  a  matter  of 
drug  discipline  than  drug  effect. 

The  need  for  additional  chemotherapeutic  methods  and  drugs  against 
malaria  is  becoming  more  acute  with  the  appearance  of  strains  of  falciparum 
malaria  resistant  not  only  to  all  commonly  used  synthetic  drugs  but  also  to 
quinine.   Because  of  our  commitments,  whether  military  or  civilian,  in 
countries  where  malaria  is  still  prevalent,  more  effective  chemotherapeutic 
methods  for  protecting  our  wholly  susceptible  people  from  malaria  are 
required.   Based  on  the  results  in  simian  models,  the  "new  antimalarial  RC-12 
NDS"  should  prove  to  be  a  very  highly  effective  agent  against  malaria. 

Proposed  Course  of  the  Project:   Investigations  currently  underway 
will  be  continued.   The  very  important  studies  on  RC-12  will  be  initiated  as 
soon  as  the  necessary  permissions  are  available. 

Publications: 

Chin,  W. ,  Contacos,  P.G. ,  Coatney,  G.R. ,  Jeter,  M.H. ,  and  Alpert,  E. : 
The  evaluation  of  CI-564,  a  1:1  mixture  of  cycloguanil  pamoate  (CI-501)  and 
4,4'-diacetylaminodiphenyl  sulfone  (CI-556)  against  multi-resistant  falciparum 
malarias.   Amer.  Jour.  Trop.  Med.  &  Hyg.  16:   580-584,   September  1967. 
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1.  Parasite  Chemotherapy 

2.  Primate  Malaria 

3.  Atlanta,  Georgia 

PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 

Project  Title:   Studies  in  Human  Malaria 

Previous  Serial  Number:   Same 

Principal  Investigators:   Peter  G.  Contacos  and  Marvin  H.  Jeter 

Other  Investigators:   Edward  Alpert,  Leonard  S.  Gell  and  Thomas  M.  Sodeman 

Cooperating  Units:   Department  of  Justice,  Bureau  of  Prisons 

Man  Years: 

NIAID  Other  NIH 

Lab.  Staff  Personnel   Guest  Workers   TOTAL 
Assigned 

Total  3  9/12  3  9/12 

Professional        1  5/12  1  5/12 

Other  2  4/12  2  4/12 

Project  Description: 

Objectives:   To  study  the  human  malarias  in  volunteers  for  clinical 
manifestations,  parasitological  course,  pathophysiology  of  the  infection, 
immunologic  response  of  the  host,  and  effect  of  standard  antimalarial  drugs. 
Particular  emphasis  is  placed  on  newly  isolated  strains  to  determine  their 
sensitivity  to  antimalarials  and  the  normal  relapse  patterns  which  can  be 
expected  after  non-curative  treatment. 

Methods  Employed:   Healthy  inmate  volunteers  at  the  U.  S.  Penitentiary, 
Atlanta,  Georgia,  are  screened  before  they  are  admitted  to  the  project. 
Volunteers  are  under  the  care  of  the  resident  investigators.   They  are 
exposed  to  infection  either  by  the  bites  of  infected  mosquitoes  or  by  the 
intravenous  inoculation  of  homologous  parasitized  blood.   They  submit  freely 
to  necessary  laboratory  procedures  and  receive  antimalarials  or  other 
medications  only  as  prescribed  by  the  resident  investigators.   Participation 
in  any  one  project  may  range  for  6-18  months  depending  on  the  nature  of  the 
project.   Standard  suppressive  and  curative  regimens  of  antimalarial  treat- 
ment are  administered  and  the  patient  observed  for  immediate  clinical  and 
parasitological  response  and  for  longer  periods  of  time  to  determine  possible 
relapse  or  recrudescence  of  parasitemias.   Base  line  liver  function  tests  are 
done  prior  to  exposure  to  infection  and  are  repeated  at  intervals  during  the 
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primary  attack  and  after  termination  of  the  infection  by  treatment.  Hema- 
tological tests  are  done  during  and  after  the  clinical  and  parasitological 
attack  to  determine  effect  of  the  infection  on  the  formed  elements  of  the 
blood  and  on  coagulation  and  other  blood  factors.  Serum  is  obtained  at 
various  intervals  and  frozen  for  subsequent  evaluation  of  antibody  titers. 
For  the  latter  tests,  fluorescent  antibody  determination  and  separation  of 
serum  protein  by  disc  electrophoresis  will  be  utilized. 

Major  Findings; 

I.   Studies  on  Recently  Isolated  Strains  of  Human  Malaria. 

A  strain  of  Plasmodium  vivax  (West  Pakistan  strain)  was  isolated 
by  the  inoculation  of  a  volunteer  with  parasitized  blood  from  a  West  Pakistan 
national  working  with  the  U.  S.  Department  of  Agriculture.   Five  volunteers 
(all  Caucasian)  were  exposed  to  infection  by  bites  of  infected  Anopheles 
maculatus  mosquitoes.   To  date,  only  2  of  the  5  volunteers  have  relapsed  36 
to  46  days  after  treatment  of  their  primary  attacks  with  quinine.   Although 
a  definite  pattern  has  not  yet  become  evident,  it  appears  that  this  strain 
will  differ  significantly  from  3  other  strains  of  vivax  malaria  (all  South 
Pacific  or  Southeast  Asia)  that  we  have  studied.   The  Pakistan  strain  has 
failed  to  infect  2  out  of  2  negro  volunteers,  suggesting  its  similarity  in 
this  respect  to  other  vivax  strains  studied  in  the  past. 

Studies  are  continuing  on  strains  of  P.  vivax  from  South  Vietnam 
and  Thailand  (Scanlon  strain),  and  indications  are  that  they  are  early  and 
rapid  relapsers,  similar  to  the  standard  Chesson  strain.   Plasmodium  malariae 
strains  are  being  further  characterized  whenever  possible. 

II.   Pathophysiology  of  Malaria  -  Liver  Function  Studies  in 
Volunteers  Infected  with  Human  and  Monkey  Malarias. 
This  study  was  planned  in  an  effort  to  correlate  the  alterations 
in  liver  function  tests  and  changes  in  hematocrit  and  hemoglobin,  serum 
protein  fraction  and  antibody  titers  with  the  levels  of  parasitemia. 

Blood  samples  are  obtained  prior  to  infection,  on  the  first  day 
of  patent  parasitemia,  one  day  following  a  temperature  of  101  F  or  greater, 
every  other  day  thereafter,  until  treatment,  on  the  day  of  treatment,  once 
weekly  times  four  and  then  once  a  month  for  four  months.   The  liver  function 
studies  performed  are  total  and  direct  bilirubin,  total  protein,  alkaline 
phosphatase,  SCOT  and  SGPT.   A  part  of  each  sample  is  preserved  for  serum 
protein  electrophoresis  and  antibody  titer  evaluation. 

The  only  consistent  finding  to  date  is  an  elevation  of  SCOT  and 
SGPT  which  appears  related  to  a  rise  in  parasitemia.  The  significance  has 
not  been  tested. 
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Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

Malaria  remains  one  of  the  major  world-wide  causes  of  morbidity  and 
mortality.   With  our  increasing  international  commitments  in  areas  endemic 
for  malaria,  particularly  in  Southeast  Asia,  the  number  of  American  personnel, 
military  and  civilian,  exposed  to  malaria  in  such  areas  is  increasing.   In 
recent  years,  reports  of  Americans  returning  to  this  country  and  developing 
malaria  with  onset  in  this  country  are  also  increasing.   The  imported 
malarias  have  the  potential  for  infecting  local  anopheline  mosquitoes,  and 
it  is  necessary  to  study  some  of  these  imported  strains  of  malaria  to 
determine  their  clinical  manifestations,  the  ease  with  which  they  can  be 
transmitted,  and  their  sensitivity  to  the  standard  antimalarial  drugs. 

Current  knowledge  concerning  hximan  quartan  malaria  is  particularly 
meager.   Experimental  transmission  of  this  malaria  has  been  accomplished 
only  rarely,  yet  continued  natural  transmission  in  areas  where  malaria 
eradication  programs  are  under  way  constitutes  a  major  source  of  new 
infections.   Relapse  patterns  of  this  species  are  not  known.   The  avail- 
ability of  2  strains  of  P.  malariae  for  study  provides  an  excellent 
opportunity  to  contribute  essential  knowledge  concerning  this  human  malaria. 

Basic  data  on  pathophysiologic  changes  in  man  due  to  malarial 
infection  is  either  unknown  or  inadequately  assessed.   Our  initiation  of 
such  studies,  beginning  with  the  evaluation  of  the  effect  of  malarial 
infection  on  liver  function,  will  provide  information  to  fill  some  of  the 
gaps  in  our  current  knowledge  of  the  effect  of  malaria  in  man. 

Proposed  Course  of  the  Project:   To  continue  the  study  of  imported 
malarias  with  emphasis  on  their  potentials  for  spread  in  this  country,  and 
to  continue  investigations  on  pathophysiology  and  immunology  of  human 
malarias. 
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Present  interests  of  scientists  in  LI  center  around  the  following  areas 
of  immunology:   tissue  transplantation,  cellular  basis  of  antibody  formation, 
p\irif ication  and  heterogeneity  of  antibodies,  autoimmune  diseases  states, 
iramunochemistry  and  immunogenic ity  of  rabbit  allotypes,  biologic  immunosup- 
pression and  the  role  of  macrophages  in  induction  and  maintenance  of  antibody 
synthesis. 

The  Laboratory  of  Immunology  did  undergo  some  changes  in  personnel 
since  both  Drs.  Landy  and  Lerner  joined  the  Extramural  Program  while  Dr., 
Vannier  left  to  move  to  the  University  of  Southern  California.   Dr.  Antoine 
Michell  completed  a  visiting  scientist  appointment  while  Dr.  Jaroslav  Rejnek, 
Czechoslovak  Academy  of  Science,  Prague,  was  appointed  to  the  visiting  program 
and  Dr.  Edgar  Hanna  joined  the  Laboratory  as  a  USPHS  postdoctoral  fellow. 

The  scientific  stature  of  the  staff  has  been  reflected  in  the  invita- 
tions of  various  investigators  to  give  special  lectures.  Dr.  Kahan  was  invited 
to  present  papers  at  the  International  Congress  of  the  Transplantation  Society 
in  Paris  and  at  the  Histocon^jatibility  Workshop  in  Turin.   Dr.  Stone  continues 
as  associate  editor  for  the  Journal  of  Immunology  and  Dr.  Strauss  as  a  member 
of  the  Medical  Advisory  Board  of  the  Myasthenia  Gravis  Foundation.  Worthy  of 
mention  is  Dr.  Strauss'  review  on  "Myasthenia  Gravis,  Autoimmunity  and  the 
Thymus"  for  Advances  in  Internal  Medicine  and  the  fruitful  collaborative 
effort  in  human  transplantation  achieved  during  a  brief  stay  of  Drs.  Kahan  and 
Reisfeld  with  Professor  Ceppellini  at  the  University  of  Turin. 

The  following  summary  identifies  some  significant  acconiplishments. 

Tissue  Transplantation 

Water  soluble  guinea  pig  transplantation  was  liberated  by  exposxire  of 
lungs  and  spleens  to  low  intensity  ultrasound.  Purification  of  the  active 
principle  was  obtained  by  gel  filtration  and  by  electrophoresis  on  polyacryla- 
mlde  gels.  This  antigenic  preparation  can  1)  induce  immunity  in  normal  allo- 
geneic hosts  against  subsequent  challenge  with  donor-strain  skin  grafts,  2) 
elicit  cutaneous  hypersensitivity  reactions  in  hosts  previously  sensitized  by 
skin  grafts,  and  3)  evoke  immune  responses  following  admixture  with  peripheral 
leukocytes  derived  from  sensitized  hosts  and  then  injected  into  third  party 
guinea  pigs,  irradiated  hamsters  or  in  tissue  culture.  Chemical  studies 
indicated  electroph orotic  homogeneity  of  the  active  principle,  a  water-soluble 
protein  with  essentially  no  carbohydrate.  Significant  differences  were  found 
in  the  amino  acid  composition  of  antigens  isolated  from  histoincompatible 
animals  (Strain  2  and  Strain  I3).   (Kahan  and  Reisfeld) 

Tumor-specific  antigenic  activity  was  recovered  in  the  130,000  g  super- 
nate  of  tumor  cells  exposed  to  ultrasound.  The  antigenic  factor  obtained  from 


strain  2  guinea  pig  liposarcoma  induces  rejection  of  a  tumor  challenge  follow- 
ing immunization  of  a  normal  Strain  2  animal  with  tumor  extract.  Animals 
pretreated  with  liposarcoma  extracts  have  no  resistance  to  the  growth  of  a 
different  inet'^ylcholanuhrene-induced  Strain  2  tumor,  i.e.,  the  antigenic  activity- 
is  tumor  specific  since  it  induces  rejection  of  tumors  in  isogeneic  animals 
while  the  tumor  from  which  it  was  derived  shows  no  cross  reaction  with  other 
tumors  produced  ty  the  same  carcinogen.  These  findings  demonstrate  for  the 
first  time  that  a  subcellular  proteinaceous  material  can  Induce  specific  tumor 
immunity  in  isogeneic  animals.   (Kahan,  Reisfeld,  in  collah oration  with  Holmes 
and  Morton,  NCl) 

Cellular  Basis  of  Antibody  Formation 

Lymphoid  cell  suspensions  from  rabbits  or  mice  immune  to  a  hapten-pro- 
teln  conjugate  are  assayed  at  various  intervals  for  their  plaque-forming 
activity  on  hapten  coated  erythrocytes.  Both  early  7M  and  7G  releasing  cells 
are  each  highly  specific  for  their  immunizing  hapten.  Detection  and  enumera- 
tion of  antibody  releasing  cells  by  a  newly  developed  micro-capillary  proce- 
dure correlates  well  with  detection  of  plaque -forming  cells  by  the  standard 
plaque -In-agar  procedure.  This  procedure  permits  automation  of  antibody- 
forming  cell  detection  and  evaluation  of  qualitative  differences  between  cells 
producing  a  single  class  of  antibody  against  a  single  hapten  determinant. 
(Merchant  with  T.  Hraba,  Prague) 

A  new  technique  has  been  developed  which  allows  collection  of  duplicate 
samples  of  the  products  secreted  by  individual  lyrrrphold  cells  without  necessi- 
tating single  cell  isolation.  Rabbit  cells  producing  yiA   and  7G  hemolytic 
antibodies  were  found  to  comprise  two  separate  and  distinct  population  of  cells. 
The  highest  level  of  cells  potentially  secreting  both  antibody  classes  simul- 
taneously is  1.85^,  however,  such  double  producers  average  no  more  than  0.5^ 
in  most  immune  cell  populations.  The  incidence  of  such  potential  double  pro- 
ducers is  Independent  of  time  indicating  that  individual  cells  do  not  undergo 
a  synthetic  conversion  at  the  time  of  transition  from  7M  to  7G  production. 
(Merchant  with  Z.  Brahml,  Howard  University) 

Purification  and  Heterogeneity  of  Antibodies 

A  series  of  experiments  were  made  to  study  the  effects  of  changes  In 
salt  and  pH  on  quantitative  aspects  of  antibody  elution  from  hapten-cellulose 
immunoadsorbents  using  haptens  with  different  structural  features.  The  data 
indicate  the  dominance  of  structure  of  the  antigenic  determinant  in  defining 
the  characteristics  of  antigen-antibody  interaction.  A  study  of  the  hetero- 
geneity of  specifically  purified  antlbenzenearsonate  7M  antibodies  with  respect 
to  their  ability  to  participate  in  C'la  transfer  reactions  showed  heterogeneity 
among  specifically  purified  yM.   antibodies  with  respect  to  their  ability  to 
fix  C'la.  Additional  experiments  showed  that  this  observed  heterogeneity  is 
probably  to  be  found  in  the  rabbit  and  is  not  just  induced  during  antibody 
isolation.   (Vannler,  Inman  with  Wolff,  LCI,  McMaster,  LGAR,  Borsos,  NCI  and 
L.  Hoyer,  University  of  Rochester) 

Rabbit  skin  sensitizing  antibody,  developed  during  early  immunization 
with  bovine  serum  albiimin  appears  not  to  be  in  either  the  7G,  7M  or  7A  immuno- 


globulin  class.  Specifically,  purified  anti-BSA  antibody  was  purified  to 
obtain  a  fraction  with  high  skin  sensitizing  antibody  reactivity.  On  irarauni- 
zation  of  guinea  pigs  with  this  material,  the  antibodies  produced  formed  a 
single  precipitin  line  with  specifically  purified  anti-BSA.  This  line  was 
shown  to  bind  radiolabeled  BSA  and  to  be  neither  7M,  7G  or  yk,   suggesting 
the  presence  of  a  7E  analog  in  the  rabbit.   (Vannier,  Mage  with  Wolff  and 
Lawton,  LCl) 

Autolmnrune  Disease  States 

A  serologic  survey  of  the  rodent  subgenus  Praomys  (Mastomys) natalensis 
utilizing  fluorescein  isothyocyanate  conjugated  rabbit  anti-mastomys  immuno- 
globulin reagent  in  an  indirect  fluorescent  antibody  technique  revealed  anti- 
striated  muscle  antibodies  to  a  titer  of  1:2560  in  the  searum  of  a  specimen 
with  thymoma  and  polymyositosis.  These  autoantibodies  bound  to  I-bands  of 
skeletal  muscle  as  do  those  in  serums  from  hiamans  with  myasthenia  gravis 
and/or  thymoma.  These  findings  provide  encouragement  that  Mastomys  may  pro- 
vide a  model  to  study  the  trigger  mechanism  and  life  histoiy  of  spontaneously 
occvirring  autoantibodies  to  striated  muscle  in  relation  to  thymoma.  Homolo- 
gous striated  muscle  and  thymus  when  administered  in  Freund's  adjuvant  to 
Hartley  guinea  pigs  readily  elicited  immune  thymic  inflammation  and  neuro- 
muscular block  characteristics  within  two  weeks.  However,  no  circulating 
antibody  to  homologous  striated  muscle  or  thymus  could  be  found  by  the  fluor- 
escent antibody  techniques  suggesting  that  i mmunoc ellular  events  are  more 
crucial  to  the  production  of  this  model,   (strauss  with  K.  C.  Snell,  NCl) 

Hartley  guinea  pigs  or  Lewis  rats  immunized  with  thymus  or  muscle  in 
Preund's  complete  adjuvant  develop  experimental  immune  thymitis  and  a  myas- 
thenic neuromuscular  block  as  shown  by  electromyography.  This  block  is 
caused  by  a  substance  released  from  the  inflamed  thymus  since  it  does  not 
occur  in  thymectomized  animals.  Electrcphysiological  measurements  suggest 
that  the  thymus  normally  secretes  this  substance  which  depresses  neuromuscular 
synaptic  transmission.  Animals  with  thymitis  have  some  electrophysiological 
changes  similar  to  those  found  in  myasthenia  gravis.  Animals  developed  thy- 
mitis following  immunization  with  doses  of  thymus  only  one  tenth  the  smallest 
potent  dose  of  muscle  suggesting  that  shared  antigens  between  muscle  and 
thymus  are  not  crucial  in  the  induction  of  thymitis.  (Goldstein) 

Young  Strain  2  guinea  pigs  with  no  clinical  signs  of  CNS  damage  have 
typical  autoimmune  encephalomyelitis  pathology  in  the  CNS  after  sensitization 
with  spinal  cord  in  adjuvant.  Following  passive  transfer  of  lymph  node  cells 
sensitized  to  spinal  cord  within  Strain  2  there  are  neither  signs  of  clinical 
disease  nor  histological  lesions  in  recipients.  In  contrast,  in  Strain  I3, 
recipients  show  both  overt  (lethal)  encephalomyelitis  and  histological  lesions 
in  the  brain  and  spinal  cord.  (Stone,  Lerner) 

Monkeys  immunized  with  monkey  retinal  tissue  developed  ocular  lesions, 
whereas  bovine  retina,  monkey  choroid  plexus  and  guinea  pig  kidney  were 
ineffective.  Clinical  signs  consisted  of  choroiditis  and  sheathing  of  retinal 
vessels  without  optic  nerve  changes.  The  production  of  autoimmune  chorio- 
retinitis provides  an  animal  model  to  study  eye  diseases  of  supposed  autoimmune 
character.  (Stone,  Lerner  with  R.  E.  Myers  and  L.  von  Sallman,  NINDB) 


Inmrunochemlstry  and  Immanogenetics  of  Rab"blt  Allotypes 

Studies  on  the  regulation  of  gene  expression  provide  basic  information 
about  factors  which  influence  cellular  differentiation,  protein  synthesis 
and  antibody  production.  To  gain  an  understanding  of  the  factors  which  con- 
trol the  expression  of  the  genetically  controlled  isoantigens  (allotypes) 
allotype-suppressed  heterozygous  rabbits  were  produced  by  a)  active  immuniza- 
tion of  does  to  allotypes  of  sires  and  subsequent  breeding  with  such  males, 
and  b)  by  passive  administration  of  anti-allotype  antibodies  to  newborn  and 
developing  young  heterozygous  offspring  of  normal  does  and  sires.  We  thus 
produced  heterozygotes  allotype-suppressed  for:  al,  a2,  a3,  hk,   b5  and  b6  as 
well  as  b^5  homozygotes.   (Mage,  Young) 

Immunological  and  chemical  approaches  were  combined  in  an  attenpt  to 
define  the  chemical  nature  of  the  structural  differences  between  genetically 
controlled  types  of  immunoglobulins  and  between  different  classes  and  sub- 
classes of  polypeptide  chains.  Colostral  IgA  from  b5  homozygotes  was  shown 
to  be  88^  precipitable  with  anti-a  chain  reagent  and  SO'fo   reactive  with  anti- 
b5o  Colostral  IgA  from  bi)-b5  heterozygotes  was  90'fo  precipitable  with  anti-a 
but  only  2'J'fo  reactive  with  anti-b5  while  another  58^  reacted  with  anti-b^i-. 
These  data  suggest  that  the  US  polymer  is  not  formed  by  randomly  secreted 
monomeric  units  which  could  then  form  hybrids  with  respect  to  light  chain 
allotypes.   (Mage  with  Lawton,  LCl) 

Distinct  immunological  and  chemical  differences  were  found  between 
light  chains  from  genetically  similar  but  phenotypically  distinct  rabbits, 
i.e.,  b5  light  chains  (b  )  isolated  from  non-suppressed  rabbits  and  light 
chains  isolated  from  allotype-suppressed  rabbits  (b~).  Comparison  of  the 
W-  and  C-  terminal  sequences  with  the  known  sequences  of  h  and  \   chains  of 
mouse  and  man  revealed  a  remarkable  homology  with  the  \   chains  of  both  species 
suggesting  that  the  b~  chains  could  represent  a  rabbit  X   chain  type.  Similar 
to  K   and  \   chains  in  mouse  and  man  which  are  antlgenically  distinct,  b~  and 
b"*"  rabbit  light  chains  can  also  be  differentiated  by  a  specific  antiserum. 
We  thus  isolated  and  clearly  characterized  for  the  first  time  different 
classes  of  rabbit  light  chains.   (Reisfeld,  Mage  with  Appella,  NCI  and  Dubiskl, 
Toronto  Western  Hospital) 

Light  chains  were  fractionated  into  two  major  populations  (L-I,  IO-I5/0) 
and  (L-II,  85-90/0)  which  have  different  electrophoretic  characteristics  and 
which  can  be  distinguished  immunochemlcally  In  that  a  goat  antiserum  to  b~ 
light  chains  precipitated  more  than  50/0  of  L-I  while  no  reactivity  was  demon- 
strable with  L-II.  Gel  electrophoresis  combined  with  immunodiffusion  suggest- 
ed that  L-I  can  be  subfractlonated  into  b"  subtypes.   (Rejnek,  Mage,  Reisfeld) 

Multiple  and  significant  differences  were  found  in  the  amino  acid  compo- 
sition of  b6  light  chains  when  compared  to  either  bU  or  b5  light  chains.  The 
differences  between  bij-  and  b6  light  chains  is  28  residues  whereas  b5  and  b6 
light  chains  differ  by  IT  and  b^^-  and  b5  light  chains  by  15  residues,  respec- 
tively. These  striking  differences  in  amino  acid  cou^josltion  among  light 
chains  with  different  allotypic  specificities  Imply  that  at  least  some  of 
these  amino  acids  are  involved  in  determining  the  distinctive  antigenic  prop- 
erties of  these  molecules.  (Reisfeld,  Inman) 


The  magnitude  of  c 0115)03 it ional  variation  between  two  Fd  fragments  of 
different  allotype  ranged  from  G  to  12   residues  and  involved  from  5  to  9 
amino  acids.  These  findings  taken  together  with  data  from  other  studies 
indicate  that  much  of  the  conipositional  variation  associated  with  heavy 
chain  allotype  occurs  within  the  Fd  region,  i.e.,  the  amlno-terminal  sequence 
of  heavy  chains  consisting  of  approximately  180  residues.   (Inman,  Reisfeld) 

Biologic  Imnnmosuppression 

The  reactivity  of  antllymphocyte  serum  (ALS)  and  antlthymocyte  serum 
(ATS)  with  mouse  cell  surface  antigens  was  determined  by  leukagglutination, 
hemagglutination,  cytotoxic  assay,  and  mixed  hemadsorption  tests.  The  immuno- 
suppressive effect  of  ALS-ATS  on  the  cellular  immune  response  was  followed  by 
the  hemolytic  plaque  technique. 

Mice  treated  with  0.25  inl  of  antllymphocyte  or  antlthymocyte  sera 
successively  on  days  -1,  0  and  +1  had  a  striking  reduction  in  both  the  total 
nvunber  of  splenic  plaque  forming  cells  and  serum  hemagglutinin  and  hemolysin 
titers  four  days  following  immunization  with  sheep  erythrocytes.  The  activity 
of  these  antlsera  was  independent  of  the  presence  or  absence  of  passively 
transferred  anti-sheep  cell  antibody.  A  single  injection  of  antlthymocyte 
serum  given  on  day  0,  1,  2  or  3  lid.  not  result  in  a  significant  reduction  In 
PFC,  but  did,  if  given  on  day  -1,  -2  or  -3.  The  time  of  treatment,  therefore, 
was  a  critical  factor  in  determining  immunosuppressive  activity.  These  ob- 
servations suggest  that  the  anti-mouse  sera  may  have  exerted  their  primary 
effects  on  early  events  associated  with  the  immune  response.   (Barth,  South- 
worth) 

The  Role  of  Macrophages  in  Induction  and  Maintenance  of  Antibody  Synthesis 

Flagella  antigen  is  isolated  and  purified  from  broth  cultixres  of  Q. 
typhi  and  is  labeled  with  Iodinel25.  The  1I25  flagella  is  then  Injected 
intravenously  into  rats  either  before  or  after  whole  or  partial  body  x  radia- 
tion or  djTug  treatment.  The  uptake  of  antigen  by  dendritic  macrophages  is 
measiored  by  organ  isotope  emission  counting  and  by  grain  counting  on  auto- 
radiographs.  Serum  antibody  levels  are  measured  by  whole  bacterial  agglutina- 
tion titers  and  by  radioimmunoelectrophoresls.  Several  distinct  types  of 
macrophages  have  been  identified  in  the  rat  spleen  using  the  present  methods. 
Only  one  of  these  types,  the  dendritic  macrophages,  are  able  to  retain  auto- 
radiographically  quantities  of  our  antigen  label.  Within  rough  limits,  the 
amount  of  antigen  retained  by  the  dendritic  macrophages  correlates  with  the 
peak  antibody  titer  in  normal  and  x  radiated  rats.  The  uptake  of  antigen  by 
the  dendritic  macrophages  is  radiosensitive.  The  data  suggest  that  the  amount 
of  antigen  retained  by  the  dendritic  macrophages  limits  antibody  production 
and  that  the  uptake  of  material  by  the  macrophages  can  be  altered  by  a  variety 
of  agents.   (Hunter) 

Mouse  lymphoid  cells  were  grown  in  tissue  culture  and  both  I9S  and  7S 
plaque  forming  cell  (PFC)  responses  were  measured  to  determine  if  macrophages 
are  necessary  for  the  secondary  immune  response  by  lyniphoid  cells  in  vitro 
and  to  study  the  conversion  from  a  predominantly  I9S  response  to  a  predomi- 
nantly 7S  response.  Macrophages  were  found  not  to  be  necessary  for  the 


secondary  iraraune  response  in  vitro.     The  I9S  PFC  response  in  the  reconibined 
pop-Illations  macrophage-rich  (MR)  +  lyn5)hoid-rich  (LR)  dropped  from  S^fo  of  the 
one  day  spleen  cell  suspensions   (WSS)  response  to  70^  of  the  28  day  WSS 
response.     LR  cells  from  spleens   one  day  after  priming  developed  only  20^ 
of  the  19s  PPC  in  the  WSS,   but  by  5  days  after  priming  the  LR  population 
response  had  risen  to  GO'fo  of  the  19S  PFC  response  in  the  WSS.      (Pierce) 
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Objectives: 

To  determine  the  biologic  and  functional  significance  of  immunoglobu- 
lins reactive  in  vitro  against  striated  muscle  which  occur  in  sera  of  patients 
with  myasthenia  gravis  and/or  thymoma.  To  assess  their  occurrence  in  rela- 
tion to  such  issues  as  primary  disturbances  in  immune  tolerance  to  self,  the 
possible  role  of  autoimmunity  as  a  normal  physiologic  mediator  of  develop- 
mental and  ageing  processes,  the  occurrence  of  immunologic  abnormalities  in 
association  with  thymic  pathology,  the  alteration  of  self  constituents  which 
render  these  autoantigenic,  the  possible  microbial  genesis  and  the  patho- 
genesis of  myasthenia  gravis  and  other  autoimmune  diseases.  To  assess  in- 
duced and  spontaneous  laboratory  models  which  may  recapitulate  the  features 
of  these  phenomena. 
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Methods  Employed: 

Indirect  flourescent  antibody  techniques  including  preparation  of 
species  specific  flourescein  isothiocyanate  conjugated  ant i- immunoglobulin 
sera.  Preparation  of  highly  purified  striated  muscle  contractile  proteins 
myosin,  actin,  tropomyosin  and  native  tropomyosin  as  well  as  less  pure 
intermediate  products  by  standard  techniques.  Fractional  precipitation  of 
proteins  from  saline  extracts  of  skeletal  muscle  with  increasing  concen- 
trations of  ammonium  sulfate  in  the  range  of  l.CM  to  2. CM.  Preparation  of 
a  ribonucleoprotein  rich  fraction  from  striated  muscle  saline  extract  with 
5QtnM.  d-tubocut-arine. 

Absorption  of  human  sera  of  known  high  titer  with  respect  to  auto- 
antibodies to  striated  muscle  with  the  products  enumerated  above;  in  an 
attempt  to  identify  the  antigen  or  the  antigens  to  which  such  autoantibodies 
are  directed.  Absorbed  sera  are  titrated  along  with  unabsorbed  controls  for 
activity  measured  by  indirect  immunoflourescence  technique  against  cryostat 
sections  of  skeletal  muscle. 

Major  Findings; 

i 

1.  In  collaboration  with  Dr.  Katherine  C.  Snell,  Laboratory  of      ^ 

Pathology,  Jlational  Cancer  Institute,  a  serologic  sTiirvey  of  the  rodent  sub-  | 
genus  Praomys  (Mastomys)  Watalensis  was  initiated  for  detection  of  auto- 
antibodies to  striated  muscle.  Dr.  Snell  and  Dr.  Harold  Stewart,  Chief, 
Laboratory  of  Paihology,  NCI,  have  recently  described  in  this  rodent  the 
associated  findings  of  thymomas,  resembling  those  seen  in  human  myasthenia 
gravis,  and  generalized  polyn^rdBttis.  Our  pilot  study,  which  utilized  a 
flourescein  isothiocyanate  conjugated  rabbit  anti-Mastomys  immunoglobulin 
reagent  in  an  indirect  flourescent  antibody  technique  has  revealed  anti- 
striated  muscle  antibodies  to  a  titer  of  1:2560  in  serum  from  a  17  month 
old  female  specimen  of  this  subgenus  with  thymoma  and  polymyositis.  These 
autoantibodies  were  not  found  in  the  sera  of  a  seven  month  old  specimen  with 
a  small  histologically  detectable  thymoma,  nor  in  a  panel  of  normal  control 
Mastomys  sera  which  included  a  control  series  of  13  specimens  matched  for 
age  and  sex.  The  autoantibodies  detected  in  the  serum  of  the  animal  specimen 
with  thymoma  and  polymyositis  bound  to  I-bands  of  skeletal  muscle  as  do  those 
in  serums  from  humans  with  myasthenia  gravis  and/ or  thymoma.  The  titer  of 
reactivity  observed  in  this  instance  was  in  a  range  comparable  to  that  observed 
with  reactive  human  sera.  As  in  the  case  with  human  sera,  the  reactive  Mas- 
tomys autoantibodies  bind  to  autologous,  homologous  and  heterologous  striated 
muscle  in  vitro.  These  findings  provide  encouragement  that  Mastomys,  when 
more  fully  studied  may  provide  a  model  for  the  elucidation  of  the  trigger 
mechanisms  and  life  hist6ry  of  spontaneously  occurring  autoantibodies  to 
striated  muscle  in  relation  to  thymoma. 

2.  This  unit's  panel  of  sera  from  patients  with  myasthenia  gravis 
and/or  thymoma  known  to  contain  high  titers  of  autoantibodies  to  striated 
muscle  has  been  subjected  to  extensive  absorption  with  both  crude  and 
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highly  purified  constitutents  of  skeletal  muscle.  Though  30-UOmg.  calculated 
dry  weight  portions  of  crude  striated  muscle  homogenate  were  effective  in 
completely  absorbing  reactivity  from  1  ml.  aliquots  of  1:30  dilutions  of 
such  sera;  as  much  as  200mg.  of  the  highly  purified  preparations  of  myosin, 
actin,  and  native  tropomyosin  completely  failed  to  absorb  such  reactivity 
from  identical  serum  aliquots.  Thus,  while  the  periodic  pattern  of  immuno- 
fiourescent  staining  produced  in  striated  muscle  I-bands  with  such  sera 
appears  to  resemble  closely  the  staining  patterns  produced  with  deliberately 
prepared  antisera  to  actin  or  tropomyosin,  absorption  studies  presently 
described,  do  not  implicate  these  contractile  proteins  as  autoantigens  in 
patients  with  myasthenia  gravis  or  thymoma.  Crude  intermediate  and 
ordinarily  discarded  products  involved  in  the  sequences  of  purification  of 
the  three  major  contractile  proteins  do  to  varying  degrees  retain  absorptive 
activity.  The  most  promising  striated  muscle  products  from  the  standpoint 
of  absorptive  capacity,  further  purification,  and  ultimate  antigen 
characterization  appear  to  be  the  so  called  "ATP  pellet"  ultracentrifviged  away 
from  the  final  yield  of  purified  myosin,  a  fraction  of  saline  extract  of 
striated  muscle  precipitable  between  1.0  and  1.6m  Ammonium  sulfate,  and 
the  product  obtained  by  precipitation  of  a  saline  extract  of  skeletal  muscle 
with  50mM.  d-tubocurrarine .  The  last  product  possesses  a  four-fold  greater 
absorptive  capacity  than  does  crude  striated  muscle. 

3.  A  correlative  immunoflourescence  study  relative  to  the  production 
of  the  "autoimmune  thymitis:  model  (project  No.  lk6)   with  homologous  striated 
muscle  and  the  thymus  has  been  conducted  with  Hartley  guinea  pigs.  While 
such  tissues,  when  administered  in  Freund's  adjuvant,  readily  elicited 
immune  thymic  inflammation  and  neuromuscular  block  characteristic  of  the 
model  within  two  weeks  time,  these  phenomena  were  unaccompained  by  the 
appearance  of  circulating  antibody  to  homologous  striated  muscle  or  thymus 
as  assessed  by  flourescent  antibody  technique.  A  reasonable  tentative  con- 
clusion is  that  immunocellular  events  are  more  crucial  to  the  production 
of  this  model. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute; 

The  elucidation  of  causes  for  autoimmunization  in  patients  with 
myasthenia  gravis  and  thymoma  affords  an  opportunity  to  gain  basic  infor- 
mation concerning  (l)  the  normal  sequence  by  which  tolerance  to  self  muscle 
constituents  is  established  (2)  the  possible  role  of  thymus  in  exerting  a 
regulatory  function  in  the  maintenance  of  the  tolerant  state  (3)  the  possible 
role  of  autoimmunity  as  a  normal  physiologic  modulator  of  growth,  development, 
and  ageing  processes  (U)  the  possible  alteration  of  self  constituents  by 
microbial  or  other  influences  so  that  these  become  auto-ant igenic. 

Autoantibodies  to  striated  muscle,  the  now  well  documented  presence 
of  striated  muscle  cells  in  the  thymus  and  germinal  center  lesions  in  that 
organ  in  myasthenia  gravis  indicate  that  autoimmune  processes  may  occur  in 
the  thymus  in  that  disorder.  It  has  been  hypothesized  that  this  process 
may  mediate  the  release  from  thymus  cf  anon- immunologic  neuromuscular 
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inhibitory  substance.  The  development  of  an  experimental  autoimmune  model 
(Project  Serial  No.  lil6)  which  recapitulates  these  events  in  the  guinea  pig 
and  rat  supports  the  plausibility  of  such  a  chain  of  events  in  the  human 
disease. 

Likewise,  the  demonstration,  presently  reported,  of  serum  autoantibodies 
to  striated  muscle  in  Mastomys,  a  rodent  which  displays  a  significant 
incidence  of  thymoma  and  associated  polymyositis,  provides  encouragement 
that  this  subgenus  may  provide  a  model  for  the  study  of  trigger  mechanisms 
and  life  history  of  a  spontaneously  occurring,  in  distinction  to  a  laboratory 
induced,  autoimmune  syndrome. 

Proposed  Course  of  Project 

It  is  proposed  to  extend  these  investigations  in  the  following 
directions: 

(1)  The  antigen  or  antigens  of  skeletal  muscle  which  react  with  human 
serum  autoantibodies  will  be  further  purified  from  the  more  active  fractions 
which  have  been  identified  to  date.  Such  techniques  as  DEAE- cellulose  will 
be  utilized.  Biochemical  collaboration  will  be  sought  for  its  further 
characterization. 

(2)  Praomys  (Mastomys)  Watalensla,   a  distinct  subgenus  of  rodent, 
intermediate  in  size  between  the  mouse  and  the  rat,  has  been  shown  by  Drs. 
Katharine  Snell  and  Dr.  Harold  Stewart,  Laboratory  of  Pathology,  NCI,tohavea 
significant  incidence  of  thymoma,  particularly  among  aged  females.  Such 
lesions  bear  striking  resemblances  to  the  thymic  lymphoepitheliomata  seen 
in  association  with  myasthenia  gravis.  Furthermore,  many  animals  with 
thymoma  also  afflicted  with  a  diffuse  chronic  polymyositis.  The  latter 
associated  findings  have  been  described  in  man^.  as  well.  The  two  lesions, 
thymoma  and  polymyositis  in  Mastomys  occur  with  sufficient  frequency  to 
make  feasible  a  prospective  study  of  the  life  history  of  these  phenomena 
and  their  possible  autoimmune  implications. 

The  demonstration  of  autoantibodies  to  striated  muscle  in  an 
afflicted  specimen  of  Mastomys  has  been  noted  above.  In  addition  to  poly- 
myostis,  proliferative  membranous  glomerulonephritis,  thyroiditis,  and 
inflammatory  disease  of  salivary  and  lacrimal  glands  have  been  described, 
especially  in  older  stock.  A  search  for  autoantibodies  to  these  tissues 
will  be  conducted. 

A  prospective  Immunoserological,  immunocellular,  light  microscopic, 
and  ultrastructural  study  will  be  carried  out  to  chart  the  chronology  of  the 
appearance  of  lesions  in  thymus,  striated  muscle,  kidney,  thyroid,  salivary 
and  lacrimal  glands  in  relation  to  detectable  autoimmune  phenomena.  An 
attempt  will  be  made  to  develop  an  inbred  population  of  Mastomys  with  a 
possible  increased  incidence  of  presumed  autoimmune  lesions.  Such  a  stock 
might  be  analogous  to  the  WZB  mouse  and  WZEXWZK /mouse  hybrids  but  provide,. 
for  the  study  of  a  somewhat  different  spectrum  of  autoimmune  disease  and 
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underlying  processes.   In  addition,  the  viral  flora  of  Mastomys  will  be 
studied  at  the  ultrastructural  level,  with  particular  attention  to  organs 
involved  in  presiimed  autoimmune  lesions.  Attempts  will  be  made  to  assess 
the  concept  of  viral  triggering  of  autoimmune  disease  by  passage  experiments 
with  tissue  filtrates  of  the  various  lesions  seen  in  Mastomys  to  potentially 
susceptible  healthy  young  of  the  subgenus  and  also  other  possibly  sus- 
ceptible rodents. 

(3)  Inasmuch  as  circulating  autoantibodies  to  striated  muscle  are 
found  in  only  one-third  of  patients  with  myasthenia  gravis,  while  histologic 
changes  in  thymus  suggesting  iramunocelliilar  responses  occur  in  the  majority 
of  patients,  an  attempt  will  be  made  to  determine  whether  circulating  blood 
and  thymic  lymphocytes  from  patients  with  myasthenia  gravis  are  capable 
undergoing  blastic  transformation  and  show  enhanced  DM  synthesis  in  the 
presence  of  muscle  and  thymus  antigens,  i.e.  whether  there  are  patients  who 
do  not  respond  with  circulating  autoantibody  formation  but  who  nonetheless 
manifest  immunocellular  responses  to  antigens  of  striated  muscle  «,nd  thymus. 

{h)     Inasmuch  as  the  myoid  cell  has  been  identified  in  thymus  and  it 
has  been  shown  to  react  with  myasthenia  gravis  sera  in  vitro  and  its  role 
in  intrathymic  autoimmunization  has  been  postulated,  a  rigorous  attempt  will 
be  made  to  identify  and  characterize  such  cells  in  relation  to  the  germinal 
center  lesions  of  thymus  of  myasthenia  gravis.  Immunohistb logic  techniques; 
will  be  employed.  ' 

(5)  Organ  culture  studies  will  be  p\irsued  in  attempts  to  elucidate 
the  dynamic  aspects  of  the  ontogeny  and  fate  of  thymic  myoid  cells.  The 
role  of  the  mesenchyme  versus  thymic  analage  in  the  emergence  of  this  cell 
type  in  thymus  will  be  investigated  by  means  of  transfilter  techniques  in 
culture  and  other  means  will  be  sought  to  establish  the  role,  if  any,  of 
this  unusual  cell  in  thymic  development  and  function. 

Publications; 

Korn,  D.,  Gelderman,  A.,  Cage,  G.,  Nathanson,  D.,  and  Strauss,  A.  J. 
L.:  Immune  deficiencies,  aplastic  anemia,  and  abnormalities  of 
lymphoid  tissue  of  thymoma.  New  Eng.  J.  Med.  276:   1335-1339,1967. 

Strauss,  A.J.L.,  and  Kemp, P. G.  Jr.:  Serum  autoantibodies  in 
myasthenia  gravis  and  thymoma:  Selective  affinity  for. I -bands  of 
striated  muscle  as  a  guide  to  identification  of  antigen(s). 
J.  Immunol.  9O:  9^5-953,  I967. 

Strauss,  A.  J.  L.,  Kemp,  P.  G.,  and  Douglas,  S.  D.:  An  immuno- 
histochemical  delineation  of  striated  muscle  cells  in  the  thymus. 
Chapter  21  in  Ontogeny  of  Immunity,  edited  by  Richard  T.  Smith, 
Robert  A.  Good,  and  Peter  A.  Miescher,  University  of  Florida  Press, 
Gainesville,  I967. 

Strauss,  A.  J.  L.;  Myasthenia  gravis,  autoimmunity,  and  the  thymus. 
Ctiapter  8  in  Vol.  XIV  of  Advances  in  Internal  Medicine,  edited  by 
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Isadora  Snapper  and  Gene  H.  Stollerman,  Year  Book  Medical 
Publishers,   Inc.,  in  press.  ■ 
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Project  Description; 
Project  Subtitle  I: 


Chemical  and  immunochemical  characterization  of 
light  polypeptide  chains,  controlled  by  allelic 
genes:   isolation  and  characterization  of  different 
classes  of  light  chains  from  allotype- suppressed 
rabbits. 


Objectives; ' 

To  understand  the  genetic  mechanisms  responsible  for  the  hetero- 
geneity of  rabbit  immunoglobulins  and  to  comprehend  the  relation  of  genetic 
constitution  to  antigen  structure  and  biosynthesis. 


ll^ 


Methods  Employed; 

The  phenotypic  expression  of  b5  allotypic  specificity  was  suppressed 
by  administration  of  anti-b5  antibody  to  newborn  b5  homozygous  rabbits- 
The  light  chains  of  such  animals  which  lacked  b-locus  allotypic  specificity 
were  isolated  and  characterized  immunochemically  as  well  as  chemically  by 
means  of  amino  acid  analysis  and  structural  studies  at  the  C-  and  W- 
terminal  regions  of  polypeptide  chains. 

Major  Findings: 

Distinct  immunological  and  chemical  differences  were  found  between 
light  chains  from  genetically  similar  but  phenotypic ally  distinct  rabbits, 
i.e.,  b5  light  chains  (b"*")  isolated  from  non-suppressed  rabbits  and  light 
chains  isolated  from  allotype -suppressed  rabbit  (b~).  The  N-terminal 
amino  acid  of  b~  chains  is  non-available  probably  due  to  the  presence  of 
pyrrolidane  carborylic  acid  whereas  b"*"  chains  have  alanine  at  the  W- 
terminal.   Two  distinct  N-terminal  peptides  were  found  suggesting  the 
presence  of  subclasses  within  the  b~  population.  A  single  C-terminal 
amino  acid  (serine)  was  demonstrated  in  the  b~  chains  and  a  single  C- 
terminal  peptide  was  isolated  in  good  yield.   Comparison  of  the  N-  and  C- 
terminal  sequences  with  the  known  sequences  of  K  and   chains  of  mouse 
and  man  revealed  a  remarkable  homology  with  the  -chains  of  both  species 
suggesting  that  the  b~  chains  could  represent  a  rabbit  -chain  type.  This 
hypothesis  was  strengthened  by  preliminary  amino  acid  analysis  which 
suggested  that  b~  chains  also  have  5  half-cystine  residues,  analogous  to 

-chains  of  mouse  and  man.  Similar  to  K  and   chains  in  mouse  and  man 
which  are  antigenically  distinct,  b~  and  b  rabbit  light  chains  can  also 
be  differentiated  by  a  specific  antiserum.   Thus  an  antiserum  prepared  to 
b~  light  chain  demonstrated  heterogeneity  within  the  b"  population  but 
also  showed  no  detectable  reaction  with  the  b"*"  population.  We  thus 
isolated  and  clearly  characterized  for  the  first  time  different  classes 
of  rabbit  light  chains. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute; 

Chemical  and  immunochemical  characterization  of  the  genetically 
segregating  antigenic  specificities  of  rabbit  immunoglobulins  are 
necessary  to  comprehend  the  mechanism  of  genetic  control  over  protein 
structure  and  biosynthesis.   Such  an  understanding  will  eventually  be 
useful  to  become  aware  of  the  relationship  between  antigenic  properties 
and  genetic  constitution  of  man.   Such  information  may  also  lead  to  the 
eventual  development  of  testable  hypotheses  to  account  for  the  molecular 
diversity  of  both  antigens  and  antibodies. 

Proposed  Course  of  Project; 

Further  work  will  have  as  its  goal  to  answer  questions  as  to  the 
mechanism  involved  which  maintains  an  area  of  antigenic  determinants 
under  genetic  control  in  a  relative  large  proportion  of  heterogeneous 
light  polypeptide  chains.  This  will  involve  additional  limited  amino 
acid  sequence  studies  of  terminal  and  disulfide  bridge  regions.  An 
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attempt  will  be  made  to  isolate  a  relatively  large  N-terminal  peptide  to 
ascertain  whether  there  is  a  -unique  sequence  (backbone)  in  light  chains 
and  to  test  such  a  peptide  for  allotypic  reactivity. 

Project  Subtitle  II;  Further  chemical  and  immunochemical  characterization 
of  rabbit  light  chains:  attempt  to  isolate  b- 
negat ive  chains  from  the  sera  of  normal,  non- 
suppressed  rabbits. 

Objectives; 

To  compare  by  chemical  and  immunochemical  means  b -negative  light 
chains  isolated  from  the  sera  of  allotype-suppressed  and  of  normal  non- 
suppressed  rabbits.  Such  data  will  give  insight  into  the  chemical 
expression  of  allotype  suppression  and  provide  valuable  starting  material 
for  light  chain  sequence  work. 

Methods  Employed: 

Light  chains  were  isolated  from  IgG  of  b5  homozygous  rabbits  by 
sulf if o lysis  followed  by  gel  filtration  on  Sephadex  G-lOO  in  GM  urea. 
Light  chains  were  characterized  electrophoretically  and  inmrunochemically. 

Major  Findings; 

Light  chains  can  be  fractionated  into  two  major  populations,  L-I 
(  10-15^)  and  L-II  (  85-9O/0)  which  have  different  electrophoretic 
characteristics  and  caxi  be  distinguished  immunochemically  in  that  L-I 
contained  as  much  as  50fo  b- negative  populations,  whereas  L-II  is  essentially 
devoid  of  b-negative  light  chains.  Gel  electrophoresis  combined  with 
immund if fusion  suggested  that  L-I  can  be  subfractionated  into  b-negative 
subtypes. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

Same  as  listed  under  Project  I. 

Proposed  Course  of  Project; 

•  An  attempt  will  be  to  remove  as  much  b5  light  chain  from  L-I  as 
possible  to  have  a  b-negative  population  from  normal,  non- suppressed 
rabbits  to  compare  it  chemically  and  immunochemically  with  b-negative 
light  chain  isolated  from  allotype-suppressed  rabbits.  A  test  for 
genetic  linkage  of  b~  and  b"*"  light  chains  will  be  attempted  which  will 
for  the  first  time  show  whether  there  exists  a  genetic  linkage  between  K 
and   chains.  L-II  light  chains  will  be  used  as  starting  material  to 
obtain  a  limited  number  of  large  tryptic  peptides.  It  is  hoped  that 
these  peptides  may  represent  a  unique  sequence  and  that  they  can  be  used 
to  ascertain  their  allotypic  specificity. 
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Project  Subtitle  III;  Amino  acid  composition  associated  with  allotypic 
specificities  of  rabbit  yG- immunoglobulin  light 
chains,  heavy,  chains  and  Fd-fragments. 

Objectives; 

To  determine  the  chemical  basis  of  allotypic  specificity  of  b6  light 
chains  of  Fd-fragments  and  heavy  chains  with  al,  a2  and  a3  allotypic 
specificity. 

Methods  Employed; 

Purified  b6  light  chains  were  isolated  from  IgG  of  b6  homozygous 
rabbits.  The  amino  acid  composition  of  these  light  chains  was  compared 
to  that  previously  determined  for  light  chains  with  hk   and  b5  allotypic 
specificity,  respectively.  Highly  purified  Fd-fragments  were  isolated 
from  IgG  of  rabbits  homozygous  for  al,  a2  and  a3  allotypic  specificities 
and  their  respective  amino  acid  compositions  were  compared.  Heavy  chains 
were  isolated  from  the  sera  of  non-immunized  rabbits  homozygous  for  al, 
a2  and  a3  allotypic  specificities.  These  same  rabbits  were  subsequently 
immunized  with  antigens  prepared  either  by  coupling  the  diazonium  salt  of 
p-amino-phenylarsonic  acid  to  bovine  /-globulin  or  by  coupling  the  di- 
azonium salt  of  p-aminophenyltrimethylammonium  chloride  to  bovine  serum 
albumin.  The  respective  antibodies  were  purified  and  the  amino  acid 
compositions  of  the  isolated  heavy  chains  with  different  allotypic 
specificities  were  compared. 

Major  Findings; 

Multiple  and  significant  differences  were  found  in  the  amino  acid 
composition  of  b6  light  chains  when  compared  to  either  bU  or  b5  light 
chains.  ■  The  differences  between  bU  and  b6  light  chains  is  28  residues 
whereas  b5  and  b6  light  chains  differ  by  17  and  bU  and  b5  light  chains 
by  15  residues,  respectively.  These  striking  differences  in  amino  acid 
composition  among  light  chains  with  different  allotypic  specificities 
imply  that  at  least  some  of  these  amino  acids  are  involved  in  determining 
the  distinctive  antigenic  properties  of  these  molecules. 

The  magnitude  of  compositional  variation  between  two  Fd  fragments  of 
different  allotype  ranged  from  6  to  12  residues  and  involved  from  5  to 
9  ajnino  acids.  These  findings  taken  together  with  data  from  other  studies 
indicate  that  much  of  the  compositional  variation  associated  with  heavy 
chain  allotype  occurs  within  the  Fd  region,  i.e.,  the  amino-terminal 
sequence  of  heavy  chains  consisting  of  approximately  I80  residues. 

Consistent  differences  were  found  to  be  associated  with  each  H-chain 
allotype.  The  a2  chains  differed  from  the  al  chains  by  an  average  of  12 
residues  involving  6  amino  acids,  while  the  a3  chains  differed  from  the 
al  chains  by  12  residues  involving  8  amino  acids.  The  observed  differences 
were  not  related  to  antibody  content  since  the  samie  differences  were 
obtained  when  a  comparison  was  made  among  the  compositions  of  al,  a2  and 
a3  chains  isolated  either  from  anti-phenylarsonic  acid  antibody  or  from 

17 


anti-phenyltrimethylammonivim  antibody.  The  few  but  consistent  differences 
between  the  two  antibodies  were  found  to  be  independent  of  allotype,  i.e., 
the  anti-phenyltrimethylammoni'um  H-chain  contained  one  more  aspartic  acid 
and  one  more  leucine  residue  than  the  anti-phenylarsonic  acid  heavy  chain. 
These  data  suggest  that  these  amino  acid  differences  relate  to  antibody 
specificity  rather  than  to  heavy  chain  subclasses. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

The  extensive  amino  acid  composition  data  obtained  from  light 
chains,  heavy  chains  and  Fd- fragments  of  rabbit  IgG  with  different 
allotypic  specificities  has  provided  the  first  step  in  the  understanding 
of  the  genetic  mechanisms  responsible  for  the  vast  heterogeneity  and 
combining  specificity  of  immunoglobulin  populations,  with  particular 
emphasis  of  the  relationship  of  genetic  constitution  to  antigen  structure 
and  biosjmthesis.  Coniprehension  of  the  mechanism  and  expression  of 
genetically  controlled  antigenic  specificities  is  extremely  helpful,  to 
approach  in  a  general  way  major  problems  in  immunology,  e.g.,  elucidation 
of  tumor  and  transplantation  antigens. 

Proposed  Course  of  Project; 

The  extensive  compositional  data  obtained  on  various  subfragments 
of  rabbit  IgG  with  different  allotypic  specificity  provides  necessary 
data  for  our  ongoing  sequence  studies  which  have  as  their  goal  the 
chemical  and  immunochemical  elucidation  of  a  genetically  segregating 
antigenic  dsterminant . 
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Project  Description: 

Project  Subtitle  I:   Studies  on  the  regulation  of  expression  of  different 
immunoglobulins  in  rabbits . 

Objectives: 

To  develop  and  improve  our  understanding  of  the  factors  which  affect 
and  control  the  expression  of  the  genetic  potentials  for  production  of  various 
different  rabbit  immunoglobulins.  These  different  immunoglobulins  include: 
a)  allotypic  variants  controlled  by  alleles  at  three  or  more  loci  b)  variaxits 
due  to  different  classes  and  subclasses  of  light  and  heavy  polypeptide  chains 
and  c)  immunoglobulins  with  different  antibody  specificities. 
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Methods  Employed; 

1.  Production  of  allotype-suppressed  heterozygous  rabbits  by: 

a)  active  immunization  of  does  to  antigenic  types  (allotypes)  of  sires  and 
subsequent  breeding  with  such  males,  b)  passive  administration  of  anti- 
allotype  antibodies  to  newborn  and  developing  young  heterozygous  offspring 
of  normal  does  and  sires . 

2.  Use  of  allotype-suppressed  heterozygotes  in  a  variety  of  experimental 
situations  including:  a)  production  of  homozygous  offspring  of  suppressed  does 
in  order  to  totally  suppress  a-positive  or  b-positive  expression  using 
passively  administered  anti-allotype  antibodies,  b)  study  of  neutralization 

of  aJJLotype-suppression  with  paternal  type  antigens  via  injection  or  foster 
nursing  with  does  of  paternal  type,  c)  immunizations  of  normal  and  allotype- 
suppressed  heterozygotes  and  homozygotes. 

3.  Collection  of  sera  from  animals  in  above  experiments  for:  a) 
quantitative  measurements  of  immunoglobulin  and  allotype  concentrations  both 

in  sera  and  in  isolated  antibodies,  b)  isolation  of  immunoglobulins,  separation 
of  polypeptide  chains  and  immunological  and  chemical  comparison  of  these 
materials  with  the  immunoglobulins  and  chains  from  genetically  similar  but 
phenotypically  different  non-suppressed  rabbits. 

k.     Study  of  cross-reactivity  of  anti-b-locus  allotype  antisera  using 
the  criteria  of  allotype-suppression.  Does  making  anti-allotype  antibodies 
are  mated  to  sires  of  a)  the  type  against  which  the  antibodies  are  directed, 

b)  sires  of  a  different  but  potentially  cross  reacting  type.  The  expression 
of  paternal  type  in  the  offspring  of  such  matings  is  then  evaluated. 
Currently  under  evaluation  are: 


heterozygotes 

to 

test  effect 
maternal 

of 

on  expression  of 
paternal 

hkh6 
b4b6 
b5b6 
b4b5 

hk   anti-b5 
b6  anti-b5 
b6  anti-b4 
b5  anti-b6 

b6 
b5 

Major  Findings: 

The  data  which  follow  were  obtained  in  close  collaboration  with 
Miss  Glendowlyn  0.  Young. 

We  produced  heterozygotes  allotype-suppressed  for:  al,  a2,  a3,  bU,  b5 
and  b6  as  well  as  b5b5  homozygotes  and  one  b4b4  homozygote  partially 
suppressed  for  the  expression  of  b-positive  light  chains.  Also  on  hand  are 
young  litters  potentially  b6b6  suppressed  for  b6  and  b5b5  suppressed  for  b5. 
Matings  for  additional  suppressed  b^  homozygotes  are  in  progress.  A  number  of 
offspring  of  does  suppressed  for  al  or  a2  were  injected  in  attempts  to  produce 
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alal  or  a2a2  homozygotes  suppressed  for  a-positive,  but  no  treated  animals 
could  be  raised. 

Maternal  anti-b^l-  and  -b5  suppresses  expression  of  paternal  b6  in  'bk'h6 
heterozygotes .  The  litters  to  test  for  other  cross  reactions  are  still  being 
raised  and  sera  evaluated. 

Allotype-suppression  at  the  a  and  b  loci  can  be  neutralized  either  by 
foster  nursing  with  does  of  paternal  type  or  by  injections  of  serum  with 
paternal -type  antigens.   The  effect  of  maternal  antibodies  is  neutralized  by 
paternal-type  antigens  in  colostrum  and  milk  entering  via  the  gut  or  by 
intraperitoneally  administered  serum  antigen  if  given  in  sufficient  quantity 
at  an  early  enough  stage  in  the  animal's  development. 

Anti-benzenearsonate  antibodies  isolated  from  b4b5  heterozygotes  after 
a  one  month  series  of  intravenous  injections  had  b4:b5  ratios  similar  to  the 
non-antibody  immunoglobulins  in  the  immune  sera,  with  low  relative  amounts  of 
hk.     After  a  second  immunization  series,  one  animal  produced  anti-benzene- 
arsonate with  significantly  greater  relative  amounts  of  hk   (approx.-  50^  of 
b4+b5)  than  the  non-antibody  in  the  antiserum  (approx.  25^  hh) .     A  homozygous 
b5  animal  which  was  partially  suppressed  for  expression  of  b-positive  light 
chains  produced  anti-benzenearsonate  antibodies  which  on  isolation,  were 
richer  in  b5  (approx  80^)  than  non-antibody  globulin  from  the  anti-serum 
(approx.  30%  b5). 

A  most  productive  outgrowth  of  the  studies  of  allotype-suppression  has 
come  from  the  clear  demonstration  that  rabbits  homozygous  at  the  b-locus  can 
be  suppressed  with  anti-b  locus  allotype  antiserum.  They  then  produce,  for 
a  period  of  time,  IgG  with  a  class  or  classes  of  light  chain  (b-)  which 
differ  immunologically,  electrophoretically  and  chemically  from  (b^)  chains. 
In  the  sera  of  suppressed  homozygotes,  the  concentration  of  protein  with  the 
c7  allotype  is  unusually  high  during  the  period  of  development  when  b"*" 
expression  is  suppressed.   Studies  now  in  progress,  indicate  a  relationship 
of  the  £  locus  to  at  least  some  of  the  b-  light  chains  produced  by  normal  and 
suppressed  rabbits.   This  will  be  finrther  discussed  under  project  subtitle  II. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

These  studies  on  the  regulation  of  gene  expression  provide  basic 
information  about  factors  which  influence  cellular  differentiation,  protein 
synthesis  and  antibody  production.  The  genetically  controlled  isoantigens 
of  the  serum  immunoglobulins  of  the  rabbit  are  analogous  in  many  respects  to 
the  cellular  isoantigens  involved  in  transplantation,  leucocyte  groups  and 
some  red  blood  cell  groups.  An  understanding  of  the  factors  which  control  the 
genetic  expression  of  these  isoantigenic  types  is  thus  of  broad  fundamental 
interest . 
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Proposed  Course  of  Project; 

We  will  continue  evaluation  of  cross  reactions  by  the  criteria  of 
allotype-suppression.  Inmunizations  of  suppressed  rabbits  are  in  progress 
designed  to  evaluate  the  expression  of  allotypes  at  both  the  a  and  b  loci 
in  antibodies  of  different  immunoglobulin  classes. 

Additional  studies  are  needed  in  order  to  attempt  to  relate  the 
development  of  immunological  competence  and  lymphoid  tissues  in  the  young 
rabbit  witrt  the  suppressing  effects  of  anti-allotype  antibodies  and  the 
neutralizing  effects  of  corresponding  antigens  on  subsequent  genetic  expression. 

We  plan  to  continue  production  and  improve  methods  of  obtaining  homo- 
zygotes  suppressed  at  the  b  locus  and  hopefully  at  the  a  and  £  loci.  The 
sera  of  such  animals  vould  then  provide  immunoglobulins  with  classes  of  light 
and  heavy  chains  not  otherwise  readily  available  from  rabbits.  One  approach 
of  promise  would  be  transfer  of  zygotes  to  does  of  another  allotype.  This 
circumvents  the  need  for  suppressed  does,  provides  100^  homozygotes  and 
decreases  the  quantities  of  antibodies  needed  to  effect  allotype-suppression 
in  the  newborns. 

Project  Subtitle  II;  Immunochemical,  Structural  and  Genetic  Studies  of 
Rabbit  Immunoglobulins . 

Project  Description; 

Objectives; 

To  study  the  structure  of  immunoglobulins  of  different  classes  and 
subclasses  especially  by  the  use  of  antisera  specific  for  genetic  markers 
present  (or  absent)  on  component  polypeptide  chains.  To  combine  immunological 
and  chemical  approaches  to  defining  the  chemical  natiore  of  the  structural 
differences  between  genetically  controlled  types  of  immunoglobulins  and 
between  different  classes  and  subclasses  of  polypeptide  chains. 

Methods  Employed; 

Anti-allotype  antisera  are  prepared  using  a  variety  of  donor -recipient 
combinations .  Also  in  production  are  rabbit  isoantisera  to  isolated  light 
polypeptide  chains  of  defined  allotype  and  to  performic  acid  oxidized  chains. 
Farm  animals  (primarily  goats)  are  immunized  with  immunoglobulins,  chains 
fragments,  and  subfractions  prepared  from  them.  The  properties  of  the 
antigens  and  antisera  are  evaluated  by  a  variety  of  methods  including  agar 
gel  diffusion,  Immunoelectrophoresis  in  agar  or  in  combination  with  disc 
electrophoresis  in  polyacrylamide ,  quantitative  precipitin  .studies  and  studies 
of  complexing  and  precipitation  of  isotope-labelled  antigens  with  antisera. 
In  experiments  with  Dr.  Lawton,  IgA  is  isolated  from  the  colostrum  and  milk 
of  does  of  known  allotype.  In  collaboration  with  Drs.  Lawton  and  Frank,  IgM 
antibodies  are  isolated  from  the  sera  of  immunized  rabbits  of  known  allotype. 
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Major  Findings; 

With  Dr.  A.  Lavton,  colostral  IgA  from  b5  homozygotes  was  shown  on 
-'-^^i-iabeling  to  be  88^  precipitable  with  an  anti-a  chain  reagent  and  80^ 
reactive  with  anti-b5.   Colostral  IgA  from  b4b5  heterozygotes  was  90^  pre- 
cipitable with  anti-a,  but  only  27^  reacted'-with  anti-b5  while  another  58^ 
reacted  with  anti-b4  (total  b4+b5 — 85^).  At  present  these  preliminary  data 
suggest  that  the  light  chains  on  a  given  IIS  polymer  molecxile  were  of  one 
allotype  in  the  IgA  from  heterozygotes.  This  suggests  that  the  IIS  polymer 
is  not  formed  of  randomly  secreted  monomeric  units  which  could  then  form 
hybrids  with  respect  to  light  chain  allotypes . 

With  Etrs.  Reisfeld,  Appella  and  Dubiski,  b^  light  chain  from  IgG  of 
allotype-suppressed  homozygotes  was  isolated  and  chajracterized  by  chemical  and 
immunochemical  means.  A  goat  immunized  wit^h  b"  light  chains  produced  a 
strongly  precipitating  antiserum  with  which  we  demonstrated  antigenic  hetero- 
genei;by  within  the  b^  population  and  a  high  degree  of  specificity  for  b" 
chains.  Two  fractions  of  light  chains  prepared  from  sulfitolysed  hk   or  b5 
IgG  and  separated  on  Sephadex  G  100  in  6M  urea  (method  of  Re j nek),  were  shown 
to  differ  in  antigenic  properties.  A  goat  antiserum  to  b^  light  chains 
precipitated  more  than  50^  of  125i  labelled  chains  from  the  first  fraction  (Ll) 
while  no  reactivity  was  demonstrable  with  the  second  fraction  (LII).  Conversely 
anti-b-allotype  antisera  of  appropriate  specificity  reacted  with  85-95^  of  the 
labeled  molecules  in  LII  preparations  while  only  l6-30^  of  the  labeled  mole- 
cules in  LI  fractions  reacted  with  these  same  antisera.  Chemical  homology 
of  b^  chains  with  X   chains  of  man  and  mouse  has  been  demonstrated. 

Immunoglobulin-G  from  suppressed  homozygotes  and  light  chains  prepared 
from  it  reacted  strongly  with  anti-cT  antiserum.  In   ^j.iabeled  preparations 
more  than  40^  of  the  IgG  and  30-^0^  of  the  light  chains  were  shown  to  react 
with  an  anti-c7  antiserum.  It  is  possible  that  only  some  of  the  b~  IgG 
contains  the  light  chain  with  c7  determinants . 

Breeding  experiments  are  in  progress  to  test  the  linkage  of  the  £  b 
and  a  loci. 

Proposed  Course  of  Project; 

•  Additional  studies  of  colostral  IgA  from  rabbits  of  known  allotype  are 
planned  to  complete  the  preliminary  data  described.   Similar  studies  with  IgM 
are  in  progress.  Additional  studies  of  fractions  and  subfractions  of  b~  light 
chains  from  normal  and  suppressed  rabbits  are  in  progress .  Linkage  studies 
using  the  allotypic  markers  shown  for  two  different  classes  of  rabbit  light 
chains  are  also  in  progress. 

Immunizations  of  rabbits  and  Farm  animals  with  light  chains  fractionated 
as  described  above  are  planned.  We  also  expect  to  produce  antisera  to 
chemically  altered  light  chains  of  known  allotype  from  which  peptides  are  to 
be  isolated  (Appella)  for  structural  studies,  so  that  concurrent  immunological 
evaluations  can  be  made. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

These  studies  contribute  to  our  understanding  of  the  chemical  basis 
of  specificity  of  protein  antigens,  antibody  specificity  and  the  genetic 
control  of  the  production  of  immunoglobulins  and  specific  antibodies. 
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tion in  pvirified  IgG  and  I^  rabbit  antibodies.  J.  Immunol.  99:25^ 
1967. 

Lummus,  Z.,  Cebra,  J.J.  and  Mage,  R. :  Correspondence  of  the  relative 
cellular  distribution  and  serum  concentration  of  allelic  allotypic 
markers  in  normal  and  "allotype-suppressed"  heterozygous  rabbits. 

J.    TTttmnnol.    99;     737,    I967. 

Reisfeld,  R.A.,  Inman,  J.K.,  Mage,  R.G.  and  Appella,  E.:   Chemical 
and  immunochemical  characterization  of  electrqphoretic  subfractions 
of  rabbit  7G- immunoglobulin  light  chains  with  'bk   allotypic  specificity. 
Biochemistry  7:  Ik,   I968. 

Helmsen,  R.J.  and  Mage,  R.G.:   Identification  of  immunoglobulin  G  in 
the  vitreous  of  rabbits.  Exper.  Eye  Research  7:  121,  I968. 

Micheli,  A.,  Mage,  R.G.  and  Reisfeld,  R.  A.:   Direct  demonstration  and 
quantitation  of  Aal,  Aa2  and  Aa3  allotypic  specificities  on  Fd-fragments 
of  rabbit  immunoglobulin-G.  J.  Immimol.  100:  603,  I968. 

Mage,  R.G.:  Quantitative  studies  on  the  regulation  of  expression  of 
genes  for  immunoglobulin  allotypes  in  heterozygous  rabbits.  Cold 
Spring  Harbor  Symposium  on  Quant.  Biol.   32:  203,  I968. 

Appella,  E.,  Mage,  R.,  Dubiski,  J.  and  Reisfeld,  R.A.:  Chemical  and 
immunochemical  evidence  for  different  classes  of  rabbit  light  polypep- 
tide chains.  Proc.  Natl.  Acad.  Sci.  In  press. 
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Project  Descriprbion; 

Objectives ; 

1.  Development  of  new  immunoadsorbents  for  the  isolation  and  sub- 
fractionation  of  specific  antibodies . 

2.  Investigation  of  the  immune  response  elicited  to  synthetic  poly- 
peptide antigens  (in  rabbits,  mice  or  guinea  pigs)  and  the  characterization 
of  structural  heterogeneity  in  the  corresponding  antibodies. 

3.  Development  of  improved  methods  for  isolating  and  sequencing 
peptides  derived  from  immunoglobulins  and  specific  antibodies. 

k.      Development  of  improved  methods  for  the  synthesis  of  optically 
pure  polypeptides  having  known  repeating  sequences  of  amino  acids  and 
haptenic  functions. 

Methods  Employed; 

The  methods  used  were  mainly  those  employed  in  synthetic  organic 
chemistry.   The  chemical  derivatives  of  cellulose  and  polyacrylamide  were 
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characterized  qualitatively  by  functional  group  tests  and  quantitatively 
by  hydrogen  ion  binding  curves  and  radioisotope  labels.  Activities  of  "^he 
isotope  labels  were  measured  by  crystal  or  liquid  scintillation  spectrometry. 
Kinetic  studies  on  the  thioacylation  of  peptides  were'  carried  out  in  aqueous 
solutions  in  spectrophotometer  cells.  The  cells  were  housed  in  a  Zeiss  IM 
Oil  spectrophotometer  in  a  thermostated  chamber.  Data  taken  d\irlng  the  course 
of  the  reactions  were  correlated  by  means  of  a  mathematical  expression  derived 
from  an  assumed  bimolecular  reaction  mechanism. 

Major  Findings; 

1.  Further  progress  was  made  in  the  direction  of  preparing  useful 
immunochemical  and  biochemical  adsorbents  from  native  and  regenerated  cellulose. 
The  preparations  of  p-toluenesulfonic  acid  esters  of  cellulose  (tosyl  cellulose) 
can  now  be  monitored  rapidly  and  accurately  using  a  carbon-l4  label.  To  this 
end,  a  method  for  synthesizing  very  pure   C-p-toluenesulfonyl  chloride  was 
worked  out.  In  addition,  it  was  found  that  thiolated  cellulose  can.  be 
conveniently  prepared  by  reacting  tosyl  cellulose  with  an  aqueous  solution  of 
sodium  hydrogen  sulfide  (NaHS). 

2.  Methods  were  developed  for  introducing  aliphatic  primary  amino, 
ocyl  hydrazlde  or  carboxyl  groups  into  preformed  gel  beads  of  cross -linked 
polyacrylamide .  The  capacities  or  functional  group  densities  can  be  easily 
controlled  in  each  instance.  To  these  functional  groups  other  chemical 
groupings  or  moieties  can  be  linked.   Thus,  a  wide  assortment  of  biochemical 
adsorbents  can  be  produced  and  tailored  ro  solve  specific  separation  problems. 
These  polymer  derivatives  may  find  extensive  use  in  the  separations  of  natural 
and  synthetic  polypeptides  (as  Ion-exchange  adsorbents)  and  of  antibodies 
(as  Immunoadsrobents ) .  The  substrate  polymer  beads  are  commercially  available 
in  a  form  eminently  suitable  for  column  chromatographic  operations.   This 
work  was  begun  and  will  continue  in  cooperation  with  Dr.  H.M.  Dintzis  of 
Johns  Hopkins  University. 

3.  Work  has  begun  on  the  development  of  new  and  more  effective 
methods  for  the  stepwise  degradation  of  natural  peptides  for  the  purpose  of 
amino  acid  sequence  analysis.   It  was  recently  reported  that  N-termlnal 
thioacyl  derivatives  other  than  the  one  commonly  used  in  the  Edman  degradation! 
may  be  employed  in  a  similar  way.  Accordingly,  studies  were  carried  out  in 
this  laboratory  on  the  kinetics  of  thiobenzoylation  of  peptides  and  amino 
acids .  A  number  of  buffer  systems  were  studied  and  optimal  conditions  for  the] 
reactions  were  defined. 

h.     Work  Is  in  progress  for  testing  newly  reported  methods  for  activation 
of  the  carboxyl  terminus  of  peptides  for  the  purpose  of  block  peptide  synthesis. 
The  methods  eliminate  or  greatly  minimize  racemization  of  the  C-terminal 
residue  ;and  simplify  the  strategy  for  synthesizing  polypeptide  antigens  with 
repeating  sequences. 
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5.  Techniques  for  the  isolation  of  peptides  by  electrochromatography 
in  this  layers  have  been  developed  to  the  extent  that  many  separations 
formerly  carried  out  on  large  paper  sheets  caji  be  accomodated  on  much  smaller 
thin  layers  (such  as,  for  example,  the  so-called  "diagonal"  techniques). 
Thin-layer  methods  require  less  space  and  time  and  can  accomodate  smaller 
samples.  Amino  acid  analyses  were  successfully  performed  on  peptides 
isolated  on  thin  silica  layers.  The  high- sensitivity  amino  acid  analyzer 
system  was  employed  along  with  our  techniques  of  microdlgestion  developed 
during  the  previous  year. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

Progress  made  toward  the  stated  objectives  will  be  applied  to 
increasing  the  general  knowledge  and  understanding  of  certain  essential  aspects 
of  the  immune  response  at  the  molecular  level.  Knowledge  at  this  level  of 
organization  serves  to  bridge  the  gap  between  recognized  processes  of 
resistance  to  disease  and  genetic  factors  that  control  or  modify  them. 
Molecular  structures  can  eventually  reveal  the  precise  manner  by  which 
biologically  active  substances ,  such  as  antibodies ,   serve  their  vital 
functions . 

Proposed  Course  of  Project; 

1.  Further  studies  on  the  preparation  and  use  of  new  adsorbents  for 
biochemical  separations  will  be  carried  out.   Emphasis  will  be  placed  upon 
derivatives  of  hydrophilic  polymers  such  as  polyacrylamide . 

2.  Studies  on  newer  methods  of  peptide  synthesis  will  be  vigorously 
pursued.   Polypeptide -hapten  structures  will  be  studied  as  immunizing  antigens 
in  rabbits . 

3.  Work  will  continue  on  the  chemistry  of  W-terminal  thioacylation  of 
peptides  and  the  conversion  of  the  N-terminal  residue  to  a  separated 
thiazoline-5-one  by  the  action  of  anhydrous  perfluoro  acids.  Application  of 
these  reactions  to  structural  analysis  of  immunoglobulin  peptides  will  be 
investigated. 

k.     Applications  will  be  made  of  ion-exchange  derivatives  of  poly- 
acrylamide beads  for  the  separation  of  complex  mixtures  of  peptides  derived 
from  immunoglobulins. 

Publications ; 


Relsfeld,  Ralph  A.,  Inman,  John  K. ,  Mage,  Rose  G.  and  Appella,  Bttore; 
Chemical  and  immunochemical  characterization  of  electrophoretic 
subfr act ions  of  rabbit  7G- immunoglobulin  light  chains  with  hh 
allotypic  specificity.  Biochemistry  7:  1^,  I968. 
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Reisfeld,  R.A.,  and  Inman,  J.K. :   Amino  acid  composition  of  rabbit 
IgG  light  chains  with  b6  allotypic  specificity.   Immunochemistry 
in  press. 

Inman,  J.K.  and  Reisfeld,  R.A.:   Differences  in  amino  acid  composition 
of  papain  Fd  fragments  from  rabbit  7G- immunoglobulins  carrying 
different  H  chain  allotypic  specificities.   Immunochemistry ,  in  press. 
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Project  Description: 

Project  Subtitle  I;   Serologic  specificity  and  immunosuppressive  activity  of 
rabbit  anti-mouse  sera  on  the  primary  immune  response. 

Objectives: 

To  define  the  serologic  reactivity  of  rabbit  anti-mouse  lymphocyte  and 
thymocyte  sera  both  to  cell  surface  antigens  and  to  semam  proteins,  and  to 
study  their  immunosuppressive  effect  on  the  primary  immune  response. 

Methods  Employed: 

The  reactivity  of  antilymphocyte  serum  (ALS)  and  antithymocyte  serum 
(ATS)  with  mouse  cell  surface  antigens  was  determined  using  leukagglutination, 
hemagglutination,  cytotoxic  assay,  and  mixed  hemadsorption  tests.  Reactivity 
with  mouse  ser;im  proteins  was  determined  by  passive  hemagglutination  and 
immunodiffusion. 
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The  inmiunosuppressive  effect  of  ALS-ATS  on  the  celliolar  immune 
response  was  followed  by  means  of  the . hemolytic  plaque  technique  as  described 
b:,  Jerne,  Nordin  and  Henry,  and  on  the  serologic  response  by  means  of  hemag- 
glutination and  hemolysin  titrations. 

Major  Findings: 

Rabbit  antisera  prepared  against  mouse  lymphocytes,  thymocytes  or 
fibroblasts  showed  similar  patterns  of  serologic  reactivity  with  cell  siirface 
antigens  as  indicated  by  le\ikagglutinin,  hemagglutinin,  cytotoxic  and  hemad- 
sorption titers. 

Mice  treated  with  0.25  ml  of  antilyraphocyte  or  antithymocyte  sera 
successively  on  days  -1,  0  and  +1  had  a  striking  reduction  in  both  the  total 
number  of  splenic  plaque  forming  cells  and  serum  hemagglutinin  and  hemolysin 
titers  four  days  following  immunization  with  sheep  erythrocytes.  The  activi- 
ty of  these  antisera  was  independent  of  the  presence  or  absence  of  passively 
transferred  anti-sheep  cell  antibody.  Rabbit  anti-mouse  fibroblast  serum 
also  depressed  the  immune  response  but  to  a  lesser  degree  than  ALS  or  ATS. 

A  single  injection  of  antithymocyte  serum  given  on  day  0,  1,  2  or  3 
did  not  result  in  a  significant  reduction  in  PFC,  but  did  if  given  on  day  -1, 
-2,  or  -3.  The  time  of  treatment,  therefore,  was  a  critical  factor  in 
determining  immunosuppressive  activity.  These  observations  siiggest  that  the 
anti-mouse  sera  may  have  exerted  their  primary  effects  on  early  events  assoc- 
iated with  the  immune  response. 

Mice  treated  with  heat-inactivated  normal  rabbit  serum  had  fewer 
splenic  plaque  forming  cells  than  those  immunized  with  sheep  erythrocytes 
alone,  and  it  is  thought  that  this  depression  may  have  been  due  to  antigenic 
competition  between  simultaneously  administered  immunogens.  All  serum-treated 
mice  developed  demonstrable  precipitating  antibody  to  a  rabbit  serum  protein 
which  presumably  was  neither  albumin  nor  rabbit  yG  which  were  still  detectable] 
at  eleven  days. 

Project  Subtitle  II;   Further  observations  on  the  immunosuppressive  effects  ot\ 
ALS  and  ATS  on  the  immune  response  of  mice  to  sheep 
erythrocytes . 

Objectives: 

To  study  the  effects  of  ALS-ATS  on  the  early  primary  and  secondary 
immune  response. 

Methods  Employed: 

BALB/c  -P  mice  were  injected  with  0.25  ml  of  ALS  or  ATS  successively  on 
days  -1,  0  and  +1,  and  immunized  with  k  x  lo8  SKBC  i.p.  on  day  0.  In  experi- 
ments on  the  effects  of  ALS  or  ATS  on  the  secondary  immune  response,  a  second 
injection  of  SRBC  was  given  21  to  26  days  after  the  primary.  Some  animals 
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al^o  were  treated  with  ALS  or  ATS  at  this  time.  The  cellular  and  serologic 
responses  were  followed  as  previously  described  (Project  Subtitle  l). 

Major  Findings: 

Treatment  with  0o25  ml  of  ALS  or  ATS  successively  on  days  -1,  0  and  +1 
reduced  the  number  of  splenic  PFC  as  early  as  36  hours  following  primary 
immunization  when  contrasted  to  normal  rabbit  serum  injected  controls.   The 
maximum  number  of  ^,000  PFC  was  reached  by  76  hours  in  the  ALS-ATS  treated 
group,  as  contrasted  to  peak  response  at  96  hours  for  mice  injected  with 
normal  rabbit  serum  or  SRBC  alone.   Serum  hemagglutinin  titers  paralleled 
these  restilts. 

ALS  treated  mice,  which  were  immunized  on  day  0  with  k   x  10  SKBC,  and 
infused  with  50  x  10°  spleen  cells  from  normal  syngeneic  donors  two  days 
later  had  five  times  as  many  PFC  as  might  otherwise  have  been  expected  on 
day  6.  These  data  suggest  that  the  spleens  of  ALS-ATS  treated  animals  could 
be  repopulated  by  normal  cells  and  that  there  was  sufficient  antigen  present 
to  allow  a  detectable  primary  response  to  evolve.  In  contrast,  it  was  not 
possible  to  transfer  a  primary  immune  response  to  normal  recipients  using 
primed  spleen  cells  from  syngeneic  donors. 

Treatment  with  ALS-ATS  at  the  time  of  primary  immunization  restolted 
in  significant  reduction  in  both  the  number  of  unfacilitated  and  facilitated 
splenic  PFC  three  days  following  secondary  immunization.  Treatment  at  the 
time  of  both  primary  and  secondary  immunization  resulted  in  the  most  drastic 
reductions  in  PFC,  while  treatment  at  the  time  of  secondary  immunization 
alone  resulted  in  a  50^  reduction  in  PFC  coii5)ared  to  untreated  control  mice. 
Serum  titers  were  similar  in  all  groups,  however,  suggesting  that  either  a 
threshold  number  of  cells  had  been  reached,  or  that  there  were  extrasplenic 
antibody  producing  cells  that  compensated  for  the  decreased  number  of  splenic 
PFCo  These  findings  confirm  previously  reported  results  on  the  inability  of 
ALS-ATS  to  alter  the  secondary  serologic  response,  but  provide  new  informa- 
tion on  its  effects  on  the  secondary  cellular  response. 

Project  Subtitle  III;   Morphologic  studies  on  the  effects  of  antilyraphocyte 
and  antithymocyte  sera  on  lymphoid  tissues. 

Objectives; 

To  define  the  morphologic  changes  in  lymphoid  tissues  which  result 
from  treatment  with  ALS-ATS. 

Methods  Employed: 

Spleen,  lymph  nodes,  and  thymus  were  removed  from  ALS-ATS  treated 
animals. at  various  time  intervals,  fixed  in  Bouin's  solution,  and  prepared 
for  histologic  study.  Tracer  studies  using  H3-thymidine  and  C^^-Uridine 
were  also  undertaken  to  determine  the  in  vivo  mitogenic  properties  of  ALS- 
ATS  both  using  autoradiography,  liquid  scintillation  and  7^  disintegration 
counting, 
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Major  Findings: 

Treatment  with  ALS-ATS  could  produce  striking  lymphoblastogenesis  in 
the  splenic  red  pulp,  but  these  changes  were  not  consistent  and  it  was 
in5)Ossible  to  distinguish  on  purely  morphologic  grounds  between  animals 
treated  with  ALS-ATS  and  normal  rabbit  serum.  Autoradiographs  of  stimulated 
spleens  showed  much  greater  incorporation  of  H3-thymidine  than  in  non-stimu- 
lated spleens. 

In  order  to  determine  the  effects  of  ALS  on  splenic  macrophages,  serum 
treated  and  normal  mice  were  injected  with  5  M-g  of  I  -'-labeled  S. typhi 
flagella  and  sacrificed  2  and  k8   hours  following  injection.  As  determined  by 
/-disintegration  counts,  there  was  twice  as  much  labeled  antigen  in  the 
spleen  of  ALS  treated  mice  at  2  hours  compared  to  normal  rabbit  serum  treated 
controls,  but  by  ^8  hoiirs  this  was  reversed  and  there  was  a  twofold  reduction. 
Splenic  autoradiographs  showed  that  ALS  caused  Increased  retention  of  antigen 
label  in  red  pulp  macrophages  at  both  times.  In  striking  contrast,  there  was 
almost  a  total  absence  of  label  in  white  pulp  dendritic  macrophages  of  ALS 
treated  mice.  This  selective  impairment  of  dendritic  macrophage  function  may 
have  been  an  important  part  of  the  immunosuppressive  effect  of  ALS. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

A  systematic  approach  has  been  undertaken  first  to  define  the  serologic 
reactivities  of  antilyniphocyte  and  antithymocyte  sera,  and  then  to  study  their 
immunosuppressive  properties  on  the  cellular  kinetics  of  the  primary  and 
secondary  immune  response.  Furthermore,  an  attempt  has  been  made  to  correlate 
their  immunosuppressive  properties  with  morphologic  changes  in  lymphoid 
tissues.  These  studies  are  directed  towards  defining  the  means  by  which  ALS- 
ATS  exert  their  immunosuppressive  effects.  Aside  from  its  potential  use  as 
a  clinical  immunosuppressive  agent,  antilymphocyte  serum  may  prove  a  very 
useful  tool  for  studying  different  phases  of  the  inmune  response. 

Publications: 

Earth,  R.F.,  Southworth,  J.,  and  Burger,  G.M.:   Immunosuppressive 
effects  of  heterologous  antilymphocyte  sera  on  the  cellular  and 
serologic  response  of  mice  to  sheep  erythrocytes.  Fed.  Proc .  27: 
2:  1208,  1968. 

Barth,  R.F.,  Southworth,  J.,  and  Burger,  G.M.:   Studies  on  heterologous 
antilymphocyte  and  antithymocyte  sera.  I.   Serologic  specificity  and 
immunosuppressive  activity  of  rabbit  anti-mouse  sera.  J .  Immunol . , 
1968. 

Barth,  R.F.,  Hunter,  R.L.,  Southworth,  J.  Effects  of  antilymphocyte 
sera  on  antibody  forming  cells  and  macrophages  in  the  early  immune 
response.  Proc.  Second  International  rongress  of  the  Transplantation 
Society  (in  press). 
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Project  Description: 

Project  Subtitle  I:   Investigation  of  the  allotypic  specificity  c7  in  normal 
rabbit  serum. 

Objectives: 

1.  To  determine  the  quantitative  relationship  of  the  c7  allotype  to 
the  7G  immunoglobulin  and  the  allotypes  at  the  a  and  b  loci. 

2.  To  determine  which  portion  of  the  protein  molecule  has  the  c7  anti- 
genic determinant. 

3.  To  produce  an  antibody  to  an  allele  of  c7. 
Methods  Employed; 

Fractionation  of  rabbit  serum  containing  c7  protein  by  sodium  sulphate 
precipitation  &diethylaminoethyl  (DEAE)  cellulose  chromatography.  Preparation 
of  light  and  heavy  chains  and  fragments  by  Sephadex  GlOO  and  alkylation  and 
reduction  of  7G  immunoglobulin. 
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Major  Findings: 

1.  Four  homozygous  (one  b  b  and  three  _b_b^)  animals  which  were  allo- 
type suppressed  at  the  b  locus,  were  shown  to  have  high  concentrations  of  c7 
at  the  time  when  their  7G  immunoglobulin  was  high  but  little  b  locus  allotype 
was  present.  This  suggested  that  c7  might  be  related  to  the  10-20/o  of  the  7G 
immunoglobialin  which  has  no  b  locus  allotypic  specificity  (b-negative) . 

2.  Agar  gel  studies  with  the  Fab  and  Fc  fragments  suggested  that  the 
c7  allotypic  determinant  is  present  on  the  Fab  fragment.   Studies  with  iso- 
tope labeled  light  chains  prepared  from  yG   thought  to  be  high  in  c7  did  not 
demonstrate  significant  percents  of  the  chains  to  react  with  anti-c7  to 
locate  the  c7  allotypic  determinant  on  the  light  chains  of  the  protein 
molecule . 

3.  However,  in  the  course  of  pursuing  this  project  developments  in 
another  direction  did  reveal  a  relationship  between  c7  allotype  and  b-negative 
immunoglobulin-G.  Homozygous  rabbits  "allotype  suppressed" for  b  positive  allo- 
types had  significant  percents  of  light  chains  with  demonstrable  c7  determin- 
ants (See  also  report  of  Dr.  Rose  Mage). 

Significance  to  the  Program  of  the  Institute; 

Interest  and  research  related  to  the  study  of  the  immunoglobulins 
(structure  and  function)  is  growing  at  a  tremendouse  rate.  Conclusive  data 
as  to  the  location  of  the  c7  allotypic  determinant  and  its  relationship  to 
the  known  major  classes  of  immunoglobulins  would  add  additional  information 
about  the  structure  of  these  protein  molecules. 

Proposed  Course  of  Project: 

1.  To  continue  to  produce  the  necessary  reagents  and  an  antibody  to 
an  allele  of  c7;to  pursue  studies  of  the  relationship  between  b-negative  yG 
immunoglobulin  and  the  c7  allotypic  specificity. 

2.  Breeding  to  evaluate  whether  genetic  linkage  exists  between  the  c 
locus  and  the  a  or  b  locus.  ~ 

■  3'  To  analyze  the  new  antisera  with  respect  to  their  relationship  to 
c7  when  sufficient  quantities  of  b-negative  reagents  are  produced. 

Project  Subtitle  II:  Production  of  specific  genetically  defined  rabbits. 

Objectives: 

1.  To  produce  5  doubly  homozygous  rabbit  colonies  for  the  allotypes 
from  animals  of  uniform  genetic  background. 
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2.  To  replace  the  small  colonies  of  doubly  homozygous  animals  of 
mjxed  breed  background  with  the  homozygous  animals  with  New  Zealand  back- 
ground. 

3.  To  immunize  doubly  homozygous  females  and  mate  them  with  males  of 
specific  allotypes  for  suppression  and  neutralization  studies. 

Methods  Employed: 

1.  The  original  nucleus  of  35  hybrid  animals  which  were  of  (a)  \ini- 
form  genetic  background  and  (b)  were  95-97?^  New  Zealand  white  into  which  all 
the  genes  for  the  allotypes  had  been  introduced  was  re-evaluated.  Animals 
which  had  not  produced  any  litters  or  did  not  take  care  of  their  litters  were 
either  bled  out  for  serum  or  injected  to  make  antibody.  Twenty-five  of  these 
breeders  were  replaced  with  younger  animals  of  the  same  background  and  the 
total  niimber  increased  to  75* 

2.  Homozygous  females  which  had  raised  one  litter  were  immunized  with 
either  a  or  b  locus  allotypes.  When  females  started  making  detectable  anti- 
body they  were  mated  with  males  of  the  same  allotype.  Offspring  were  either 
foster  nursed,  injected  at  birth  or  left  with  their  own  mothers. 

Major  Findings: 

1.  This  group  of  hybrids  produced  26  double  homozygotes  representing 
5  of  the  9  desired  doubly  homozygous  colonies,  27  homozygotes  at  the  b  locus 
and  30  heterozygotes . 

2.  Rabbit  colonies  of  mixed  breed  background  decreased.  The  a3,b5 
homozygous  colony  was  practically  lost  due  to  a  high  mortality  of  pregnant 
does.  The  a2,b4  colony  reached  a  very  low  level  also  due  to  non-producing 
females.  Eighty-eight  double  homozygotes,  20  homozygotes  at  the  b  locus  and 
k2   heterozygotes  were  produced  from  the  animals  of  mixed  breed  background. 

3-  Allotype  suppressed  animals  (offspring  from  females  actively  immun- 
ized to  the  allotypes  at  either  the  a  or  b  locus)  were  neutralized  either  by 
foster  nursing  with  paternal  type  does  or  injected  serum  of  paternal  allotype. 
An  a23bil-  doe  making  anti-al  was  mated  to  an  al,b5  sire  and  produced  a  litter 
of  k.     Half  of  the  litter  was  given  to  an  al,b5  foster  doe  and  was  neutralized 
(had  a  normal  ratio  of  al:a2).  The  other  littermate,  raised  by  its  own  mother 
making  anti-al,  was  suppressed  for  al.   Offspring  of  four  other  litters,  where 
the  does  were  lik   females  making  anti-b5,  demonstrated  this  same  phenomenon  of 
neutralization  at  the  b  locus  when  they  were  foster  nursed  by  the  paternal 
type  or  when  they  were  injected  with  paternal  serum  allotypes. 

Significance  to  the  Program  of  the  Institute: 

The  allotypic  specificity  which  exist  in  rabbits  is  a  very  useful 
genetic  marker  on  the  7-globulin  molecule.   It  is  therefore  of  great  importance 
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to  have  these  genetically  defined  (doubly  homozygous)  rabbits  available  for 
chemical  and  biological  studies  involving  /G  immunoglobulins. 

Proposed  Course  of  Project: 

To  pixrsue  the  breeding  and  development  of  the  homozygous  colonies  of 
uniform  genetic  background  until  the  level  of  good  producing  females  is  high 
enough  to  supply  our  needs. 

Project  Subtitle  III:   Maintaining  supplies  of  immunoglobulin  antigen  and 
antisera  to  the  allotypes  in  rabbits 

Objectives: 

To  maintain  the  supply  of  antigen  and  unispecific  antisera  to  the 
serum  allotypes  in  rabbits. 

Methods  'F^nployed: 

Fractionation  of  serum  proteins  in  rabbits  by  sodium  sulphate  or 
ammonium  siilphate  and  DEAE  cellulose  chromatography.  Agar-gel  immunochemical 
methods:  single  and  double  diffusion  in  agar-gel  with  the  techniques  of  Oudin, 
Ouchterlony  and  Grabar  and  Williams  respectively. 

Major  Findings: 

A  good  supply  of  antisera  to  6  of  the  8  known  allotypic  specificities 
was  produced.  A  variety  of  antisera  to  all  the  allotypes  was  used  for  quan- 
titative studies  of  the  expression  of  allotypes  at  both  loci  in  actively 
suppressed  offspring. 

Anti-al,  a2,  b5,  b6  and  hk   were  analyzed  and  collected  in  large  volumes 
for  passive  suppression  experiments  in  rabbits. 

Rabbit  serum  for  7  of  "the  9  possible  doubly  homozygous  combinations  was 
prepared,  characterized  and  used  in  large  quantity  (8  to  9  liters  of  doubly 
homozygous  and  k-^   liters  homozygous  at  one  locus  or  heterozygous  at  both  loci) 
as  starting  material  for  7G  Immunoglobulin  and  as  antigen  for  immunizations. 

Significance  to  the  Program  of  the  Institute: 

In  biological  and  chemical  studies  in  the  field  of  immunology,  it  is 
desirable  to  have  unispecific  antisera  for  evaluating  antigen- antibody  sys- 
tems.  Serotyped  rabbit  serum  and  Txnispeciflc  antisera  for  the  allotypes 
provide  useful  tools. 

Proposed  Course  of  Project: 

To  maintain  the  supply  of  good  unispecific  antisera.  To  investigate  a 
new  antisera  to  an  antigen  which  is  present  in  our  rabbit  colony  but  has  not 
been  defined  at  either  the  a,  b  or  c  locus  at  present. 
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Project  Des( 
Objectives: 

To  isolate  and  purify  a  substance  in  thymus  causing  the  neuromuscular 
lesion  of  myasthenia  gravis . 

To  study  the  effect  of  this  substance  on  neuromuscular  function  and 
determine  whether  it  is  normally  released  from  the  thymus. 

To  determine  whether  this  substance,  or  other  substances  in  the  thymic 
extracts  under  study  are  capable  of  mediating  other  known  fi^nctions  of  the 
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thymus  that  is,  mitogenic  effect  on  lymphocytes  and  an  effect  of  inducing 

lymphocj'i:es  to  immunological  competence. 

Methods  Employed; 

1.  Tissue  antigens  are  prepared  from  test  organs  by  homogenization, 
centrifugation  and  lyophilization  of  the  supernate.  Aqueous  solutions  of 
homologous  tissues  are  emulsified  with  Freund's  complete  adjuvant  (FCA)  and 
used  to  immunize  test  animals . 

2.  Tissue  extracts  are  prepared  by  saline  homogenization  and  centri- 
fugation, heat  treatment  of  the  supernate  and  centrifugation  and  ammonium 
sulphate  precipitation.  This  precipitate  is  dialysed  and  lyophilized. 

3.  Animals  are  prepared  for  study  in  several  ways: 

(a)  Immunization  vith  tissue  in  FCA. 

(b)  IntraperiHioneal  injection  with  tissue  extracts. 

(c)  Neonatal  thymectomy  or 

(d)  Multiple  histocompatible  tissue  grafts. 

k.     Animals  are  evaluated  by: 

(a)  Thymic  and  muscle  histology. 

(b)  Presence  of  serimi  antibodies  by  immunofluorescence. 

(c)  Electromyography 

(d)  Microelectrode  techniques  to  study  electrophysiological 
changes  at  individual  neurological  synapses 

(e)  An  in  vitro  phrenic-nerve  diaphragm  preparation  to  study 
muscular  power  and  neuromuscular  transmission 

(f )  Response  of  thymic  lymphocytes  in  vitro  to  the  mitogen 
phyt ohemagglut inin . 

(g)  Radioisotope  studies  of  novadrenaline  synthesis  and  release,  and 
(h)  Studies  of  immunocompetence  by  the  plaquing  technique  to  deter- 
mine antibody  producing  cells. 

5.  Effects  of  tissue  extracts  are  studied  in  vitro  on: 

(a)  Phrenic-nerve  diaphragm  preparation  for  an  effect  on  neuro- 
muscular transmission,  and 

(b)  ]jymphocyte  cultures  to  determine  if  there  is  a  inltogenic  effect 

Major  Findings; 

1.  Hartley  guinea  pigs  or  Lewis  rats  immunized  with  thymus  or  muscle  in 
FCA  develop  experimental  autoimmune  thymitis  and  a  myasthenic  neuromuscular 
block  as  shown  by  electronorography.  This  block  is  caused  by  a  substance 
released  from  the  inflamed  thymus,  for  it  does  not  occur  in  animals  previously 
thymectomized. 
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2.  Animals  with  thymitis  also  have  decreased  amplitudes  of  miniatiire 
end  plate  potentials  (m.e.p.p.s)  at  neuromuscular synapses,  an  electro- 
physiological change  found  in  myasthenia  gravis. 

3.  Neonatally  thymectomized  animals  have  increased  amplitude  of 
m.e.p.p.s  while  animals  bearing  histocompatible  thymic  grafts  have  decreased 
amplitude  of  m.e.p.p.s.;  this  suggests  that  the  thymus  normally  secretes  this 
substance  which  depresses  neuromuscular  synaptic  transmission. 

h.     Animals  with  experimental  autoimmune  thymitis  show  an  increased 
responsiveness  of  thymic  lymphocytes  to  phytohemagglutinin,  suggesting  that 
lymphocytic  accumulations  in  the  thymus  in  this  condition  are  due  to 
infiltrates  of  peripheral   lymphocytes. 

5.  Animals  developed  thymitis  following  immunization  with  doses  of 
thymus  only  one  tenth  the  smallest  potent  dose  of  muscle;  this  suggests  that 
shaared  antigens  between  muscle  and  thymus  are  not  crucial  in  the  induction  of 
thymitis . 

6.  Animals  with  experimental  autoimmune  thymitis  show  changes  in 
novadrenaline  synthesis  which  are  being  evaluated.  It  is  possible  that 
cholinergic  transmission  may  be  affected  at  synapses  other  than  that  of 
nerve  and  muscle. 

J.     A  protein  rich  extract  of  normal  thymus  causes  an  early  myositis 
and  subsequently  a  myasthenic  neuromuscular  block  when  injected  into  animals. 
This  property  resides  in  a  protein  rich  extract  and  for  Sephadex  chromatography 
is  a  substance  of  approximately  100,000  M.W.  The  isolation  of  this  active 
material  is  proceding. 

8.  This  active  extract  also  appears  in  preliminary  experiments,  to 
cause  mitosis  in  lymphocytes  in  vitro.  The  effect  on  immune  competence  in 
neonatally  thymectomized  mice  is  also  under  study. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute; 

These  studies  provide  an  experimental  model  which  suggests  how  auto- 
immune phenomenon  focal  to  thymus  may  trigger  a  human  neioromuscular  disorder. 

These  studies  appear  to  have  defined  a  new  thymic  hormone  system 
regulating  cholinergic  transmission.  It  remains  to  be  determined  whether  this 
system  is  primarily  directed  towards  the  control  of  neurological  transmission 
or  towards  control  of  autonomic  or  central  cholinergic  synapses. 

These  studies  provide  an  explanation  for  the  changes  in  the  human  disease 
myasthenia  gravis  and  should  lead  to  a  more  precise  and  ready  treatment  for  this 
disease. 
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The  humoral  function  of  the  thymus  in  inducing  lymphocyte  mitosis  and 
immunological  competence  is  being  studied,  as  positive  results  in  this  area 
could  lead  to  improved  methods  for  controlling  immune  responsiveness. 

Eroposed  Coiirse  of  the  Project; 

The  thymic  hormone  causing  neuromuscular  block  vill  be  further  purified. 
With  the  purified  substance  it  is  hoped  to  develop  a  radioimmunoassay,  to 
study  the  site  and  rate  of  production,  and  to  employ  tracer  techniques  to 
study  the  site  of  action. 

The  mode  of  action  at  the  neuromuscular  synapse  will  be  further  studied 
to  determine  the  precise  site  of  action.  The  parameters  under  study  include 
acetyl  choline  production,  cholinesterase  activity,  and  post  junctional 
receptor  sensitivity. 

The  actions  of  this  substance  on  the  autonomic  nervous  system  will  be 
further  characterized. 

The  actions  of  these  thymic  extracts  in  an  immunological  context  will 
be  explored  further,  including  mitogenic  effects  and  immunorestorative  effects. 
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Project  Subtitle  I:  Studies  on  the  Primary  Immune  Response  In  Vitro . 

Project  Description: 

Objectives: 

To  develop,  in  this  laboratory,  several  purely  in  vitro  systems  to 
study  the  primary  imm-uiie  response.  To  define  those  critical  parameters 
vhich  support  an  optimal  response.  To  extend  present  systems  to  better 
defined  antigens,  other  animal  species  and  to  develop  simpler  systems  to 
enable  wider  use  of  these  powerful  techniques. 

Methods  Employed: 

Cell  suspensions,  prepared  from  spleens  of  previously  unimmunized 
BALB/C  mice,  were  adjusted  to  1  to  2  x  10^  cells /ml  in  Eagle's  minimun 
essential  medium  with  supplements  and  lOfo  fetal  calf  serum.  The  cell 
suspensions  were  incubated  with  erythrocyte  antigens  in  a  water  saturated 
atmosphere  of  83/0  nitrogen,  lOfo   carbon  dioxide  and  jfo   oxygen  at  37  C  on  a 
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tissue  cultiore  rocker  table.   Culture  vessels  utilized  to  date  have  been 
35  X  10  mm  plastic  culture  dishes  (Falcon  Plastics)  and  25  ml  Erlenmeyer 
flasks.  As  an  alternate  method,  the  cell  suspension  has  been  supported  on 
Visking  dialysis  membrane  tied  across  an  open  end  of  a  20  to  25  mm  glass 
tube  which  is  then  inserted  into  a  larger  tube  containing  9  to  l6  ml  of  medium. 
Also  the  cell  suspension  has  been  incorporated  into  a  soft  agar  with 
erythrocyte  antigens.  These  latter  systems  circumvented  daily  feedings  with 
a  nutritional  cocktail  and  fetal  calf  serum  required  by  the  culture  dish  or 
flask  systems. 

The  number  of  recovered  cultured  cells  releasing  antibody  to  the 
erythrocyte  antigen  was  enumerated  by  a  modification  of  the  Jerne  localized- 
hemolysis-in-gel  technique  using  microscope  slides  and  were  expressed  as 
plaque  forming  cells  per  10°  recovered  cells. 

Major  Findings; 

Primary  immune  responses  in  vitro  to  sheep  erythrocyte  antigens  -have 
been  obtained  using  the  systems  described.  This  response  paralleled  the 
in  vivo  response  with  respect  to  magnitude,  kinetics,  specificity  and 
variability.  The  plastic  culture  dish  system  has  been  used  most  for  defining 
critical  parameters  of  the  system. 

Eagle's  minimun  essential  medium  (monolayer)  supplemented  with  non- 
essential amino  acids,  L-glutamine,  sodium  pyruvate  and  fetal  calf  serum  was 
the  only  medium  that  regularly  supported  the  primary  response.  All  the 
supplements  were  essential;  "spinner"  medium  without  Ca-H-  and  Mg++  ions  may 
be  substituted  with  only  a  slight  decrease  in  the  response.  The  daily 
feedings  with  a  nutritional  cocktail  and  fetal  calf  serum  were  essential. 
The  fetal  calf  serum,  containing  gamma  globulin,  provided,  in  addition  to 
nutritional  components,  a  soluble  bovine  erythrocyte  antigen  which  cross 
reacted  with  the  sheep  erythrocyte  and  enhanced  the  response.  Other 
heterologous  and  homologous  sera  have  not  regularly  supported  the  response. 
Sheep,  pig  and  burro  erythrocytes  stimulated  primary  responses  in  vitro 
0.060  ml  of  a  3  X  10°  erythrocyte  suspension  was  the  optimal  antigenic 
stimulus.  The  optimum  spleen  cell  concentration  was  1  to  2  x  10'  cells /ml. 
Incubation  conditions  were  those  described  in  Methods  Employed. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

The  ability  to  predictably  initiate  a  primary  immune  response  in  vitro 
offers  significant  investigative  advantages.  In  vitro  systems  eliminate  many 
of  the  impingments  on  immunocompetent  cells  present  in  the  whole  organism  and 
permit  isolation  of  the  immune  response  in  a  situation  subject  to  a  reduced 
number  of  variables.  This  enables  the  investigator  systematically  to  study 
the  numerous  events  of  the  primary  immune  response.  With  a  better  under- 
standing of  these  events,  the  problems  of  tolerance  and  human  immunologic 
deficiency  syndromes  may  be  studied. 
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Proposed  Course  of  the  Project; 

Efforts  will  be  made  to  extend  these  systems  to  other  species  and  to 
other  antigens  and  possibly  chemically  defined  haptens:   The  carbodiimide 
and  chromic  chloride  coupling  methods  appear  to  make  measurement  of  specific 
plaque  forming  cell  responses  to  protein  antigens  practical.   Studies  will 
be  undertaken  on  the  induction  of  specific  immunologic  tolerance  and  delayed 
hypersensitivity  in  vitro.   Specific  immunologic  suppression  and  mechanisms 
of  action  of  immunologic  adjuvants  will  also  be  studied.  Developmental 
aspects  of  the  immune  response  with  special  regard  to  the  role  of  the  thymus 
and  bone  marrow  will  be  studied.  Further  studies  on  cell  separation 
procedures  and  cloning  will  be  undertaken. 

Project  Subtitle  II:  Studies  on  the  Secondary  Immune  Response  In  Vitro. 

Objectives; 

To  determine  if  macrophages  are  necessary  for  the  secondary  immune 
response  by  lymphoid  cells  in  vitro  and  to  study  the  conversion  from  a 
predominantly  19S  response  to  a  predominantly  7S  response. 

Methods  Employed; 

Cultures  were  prepared  in  plastic  culture  dishes  using  the  optimal 
conditions  previously  described.  Spleen  cell  suspensions  (WSS)  made  from 
animals  1,3^5^7^10,20  and  28  days  after  in  vivo  priming  with  sheep  erjrthrocytes 
were  separated  into  two  populations.  One  population  of  cells  adhered  to  the 
plastic  during  an  initial  one  hour  culture  period  and  the  other  popiolation 
did  not  adhere  during  the  same  period.  The  non-adherent  cells  were  aspirated 
and  placed  in  new  culture  dishes;  the  non-adherent  cells  after  a  third  one 
hour  culture  period  were  termed  lymphoid  rich  OlR)  fraction.  The  first  population 
of  adherent  cells  was  washed  gently  two  times  with  fresh  medium  to  remove 
loosely  adherent  cells;  these  cells  were  termed  macrophage  rich  (MR)  fraction. 
The  whole  spleen  cell  suspension  plaque  forming  cell  (PFC)  response  was 
designated  as  a  100^  response;  the  responses  of  the  separated  or  recombined 
populations  were  expressed  as  a  percent  of  this  response  for  comparison  with 
other  days .   Both  I9S  and  73  PFC  responses  were  measured  by  the  modification 
of  the  Jerne  method  previously  described. 

Major  Findings; 

Macrophages  were  not  necessary  for  the  secondary  immune  response  in 
vitro.  The  I9S  PFC  response  in  the  recombined  populations  (MR  +  LR)  dropped 
from  Qkfo   of  the  one  day  WSS  response  to  70^  of  the  28  day  WSS  response.  LR 
cells  from  spleens  one  day  after  priming  developed  only  20^  of  the  I9S  PFC 
in  the  WSS,  but  by  5  days  after  priming  the  LR  population  response  had  risen 
to  6ofo  of  the  19s  PFC  response  in  the  WSS. 


^5 


Serial  No.  NIAID  -  1^+7 

If  TS  EFC  were  not  detected  in  the  spleen  suspension  when  the  culture 
was  initiated^  such  cells  did  not  appear  in  the  in  vitro  response.  The  JS 
EFC  response  in  the  5  day  primed  MR  +  LR  population  response  was  75^  of  the 
WSS.  The  7S  PFC  in  the  5  day  LR  population  was  36^  of  the  WSS;  but  had 
risen  to  JOfo   of  the  WSS  response  in  the  7  day  primed  response.  Only  macro- 
phages from  one  day  primed  spleens  were  able  to  enhance  the  primary  response 
in  vitro  presumably  because  of  retained  processed  antigen. 

The  LR  populations  from  primed  spleens  which  underwent  in  vitro 
secondary  responses  did  not  contain  sufficient  numbers  or  functional  types 
of  macrophages  to  support  a  primary  response  to  a  second  non-cross  reacting 
erythrocyte  antigen.  The  macrophage  rich  population  composed  of  ^8fo  + 
phagocytic  cells  and  never  had  more  than  2^  of  either  the  I9S  or  7S  PFC 
found  in  the  whole  spleen  suspension.  The  LR  population  never  had  more  than 
2^  phagocytic  cells;  85  to  120^  of  the  EFC  in  the  WSS  were  recovered  in  this 
fraction.  Kinetic  analysis  showed  that  the  peak        in  the  in  vitro 
response  occtirj^ed  at  4  to  5  da;ys  in  cultirre. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institvrbe; 

The  demonstration  that  macrophages  are  necessary  for  the  primary 
response,  but  not  necessary  for  the  secondary  response  of  previously  primed 
spleen  cells  represents  a  major  advance  in  the  understanding  of  both  the 
primary  and  secondary  immune  responses.  The  cell  separation  procedure  is  a 
fast,  simple  means  of  separating  cells  on  a  functional  basis  and  should 
permit  the  eventual  isolation  and  identification  of  those  materials  transferred 
from  phagocytic  cells  to  immiuiocompetent  cells  which  are  necessary  for  the 
primary  immune  response.  The  cell  separation  procedure  should  enable  study 
of  human  syndromes  where  the  defect  is  in  the  afferent  limb  of  the  immune 
response. 

Proposed  Course  of  Project; 

Confirmation  of  the  above  findings  will  be  attempted  using  BSA  and 
Ficoll  density  gradients  for  cell  separation.  The  lack  of  initiation  of  7S 
PFC  response  in  either  primary  or  primed  secondary  responses  in  vitro 
raised  several  questions  about  the  nature  of  these  responses.  Germ  free 
animals  will  be  used  to  determine  if  the  responses  observed  are  proliferation 
of  preexisting  "background"  cells  or  if  they  represent  true  induction  of  a 
"primary  immune  response." 

Project  Subtitle  III;   Immune  Responses  in  Organ  Culture. 

Objectives; 

To  study  antibody  responses,  antigen  localization,  antigen  migration 
and  antigen  metabolism  in  spleen  organ  cultinre. 
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Methods  Employed; 

Organ  fragments  prepared  by  finely  dicing  spleens  were  cultured  in 
60  X  10  mm  plastic  culture  dishes  or  in  roller  tubes  in  Eagles  MEM  monolayer 
medium  with  supplements  and  fetal  calf  serum.  Titanium  dioxide,  which 
behaves  like  a  particulate  antigen  and  ll25  s^  typhosa  flagella  were  injected 
immediately  prior  to  culture  initiation  or  were  added  to  culture  fluid. 
Antibody  responses  were  measured  by  bacterial  agglutination.  The  techniques 
of  light  microscopy  and  autoradiography  were  used  to  trace  the  titanium 
dioxide  or  flagella. 

Ma j  or  Findings ; 

Titanium  dioxide,  after  intravenous  injection  rapidly  accumulated  in 
the  marginal  metalophils  of  the  splenic  lymphoid  follicle.   In  culture,  as 
in  vivo,  the  titanium  migrated  into  dendritic  macrophages  near  the  germinal 
center.  Titanium  added  to  culture  medium  was  phagocytosed  by  peripheral 
macrophages,  but  did  not  migrate. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

A  better  understanding  of  antigen  uptake,  processing,  migration,  and 
retention  is  essential  to  the  understanding  of  the  immune  response.  The 
in  vitro  system  offers  the  way  to  systemically  study  variables  and  to 
dissect  the  important  processes  in  antigen  processing.   Tlie  organ  fragment, 
with  retention  of  in  vivo  structure,  provides  some  necessary  features  that 
a  dissociated  cell  suspension  cannot. 

Proposed  Coursg  of  the  Project: 

Preliminary  studies  have  shown  the  feasability  of  this  approach.   The 
major  problems  outlined  in  objectives  can  now  be  pursued. 

Project  Subtitle  IV:   Primary  Immune  Responses  in  vitro  in  thymectomized 
Mice. 

Objectives: 

To  determine  the  effect  of  neonatal  thymectomy  on  the  primary  Immune 
response  of  spleen  cells  in  vitro  and  the  ability  of  thymitogens  to  restore 
this  response.   To  determine,  if  possible,  where  the  defect  produced  by 
thymectomy  lies . 

Methods  Employed; 

The  methods  for  the  study  of  the  primary  immune  response  in  vitro 
have  been  described  (Subtitle  l)  as  have  those  for  extraction  of  thymitogens. 
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Major  Findings: 

The  primary  immune  response  to  sheep  erythrocytes  in  vitro  is 
depressed  in  thymectomized  mice. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

An  understanding  of  the  role  of  the  thymus  in  the  immune  response  is 
essential.   The  in  vitro  model  offers  a  way  of  selecting  variables  to  be 
tested  and  testing  them  under  very  standardized  conditions.   The  mechanism 
of  action  of  the  thymus  should  be  easier  to  define  in  more  precise  terms 
using  in  vitro  systems. 

Proposed  Course  of  Project: 

Experiments  will  be  conducted  on  the  restorative  effect  of  thymus  and 
lymph  node  extracts  on  the  in  vitro  response  of  spleen  cells  from 
neonatally  thymectomized  mice.  Attempts  to  restore  these  cell  cultures 
with  adult  thymus  and  bone  marrow  will  be  made. 
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Project  Description; 

Project  Subtitle  I; 

Objectives: 


2  1/12 

2  1/12 

1  1/12 

1  1/12 

1 

1 

Kinetics  of  Dendritic  Macrophages  in  Normal, 
Xirradiated  and  Drug  Treated  Animals 


■  To  study  the  processes  by  which  material  is  localized  in  dendritic 
macrophages.  To  establish  quantitative  correlations  between  the  phagocytosis 
of  Iodine  -^  -^  labeled  S^  "t^yphi   flagella  antigen  by  dendritic  macrophages 
and  the  synthesis  of  antibody  of  various  immunoglobulin  types  in  normal, 
xirradiated,  and  or  drug  treated  animals. 

Methods  Employed: 

Flagella  antigen  is  isolated  and  purified  from  broth  cultures  of  S. 
typhi  and  is  labeled  with  Iodine   -'.  The  I-'-^^  flagella  is  then  injected 
intravenously  into  rats  either  before  or  after  whole  or  partial  body 
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X  radiation  or  driig  treatment.  The  uptake  of  antigen  by  dendritic  macro- 
phages is  measured  by  organ  isotope  emission  counting  and  by  grain  counting 
on  autoradiographs .  Serum  antibody  levels  are  measured  by  whole  bacterial 
agglutination  titers  and  by  radioimmunoelectrophoresis. 

Major  Findings: 

1.  Several  distinct  types  of  macrophages  have  been  identified  in  the 
rat  spleen  using  the  present  methods.  Only  one  of  these  types,  the 
dendritic  macrophages,  are  able  to  retain  autoradiographically  quantities  of 
our  antigen  label. 

2.  Within  rough  limits,  the  amount  of  antigen  retained  by  the 
dendritic  macrophages  correlates  with  the  peak  antibody  titer  in  normal  and 
X  radiated  rats. 

3.  The  uptake  of  antigen  by  the  dendritic  macrophages  is  radio- 
sensitive. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

There  is  a  large  body  of  evidence  that  dendritic  macrophages 
participate  in  some  phase  of  antibody  synthesis.  The  present  project  has 
suggested  that  the  amount  of  antigen  retained  by  the  dendritic  macrophages 
limits  the  amount  of  antibody  produced  and  that  the  uptake  of  material  by 
the  dendritic  macrophages  can  be  altered  by  a  variety  of  agents.  Further 
study  of  dendritic  macrophages  should  enlarge  our  understanding  of  the 
induction  and  maintenance  of  antibody  synthesis. 

Project  Subtitle  II:  Biochemical  and  Physiological  Basis  of  Dendritic 
Phagocytosis. 

Project  Description; 

Objectives: 

To  study  the  energy  requirements,  enzymatic  compositions,  and  plasma 
protein  requirements  for  the  uptake  of  material  by  dendritic  macrophages. 
To  study  the  effects  of  various  drugs,  hormones  and  x  radiation  on  dendritic 
macrophages . 

Methods  Employed: 

Rat  spleens  are  perfused  through  the  splenic  artery  with  an 
artificial  fluid  of  known  chemical  composition.  Either  1-^5  fiagella  or 
titanium  dioxide  crystals  (Ti02),  .23  +  .0^  micron  diameter,  are  injected 
either  into  the  rat  before  splenectomy  or  into  the  perfusion  media.  Various 
metabolic  inhibitors,  drugs,  nutrients,  or  plasma  proteins  are  added  to  the 
perfusate.  The  uptake  of  material  by  the  dendritic  macrophages  is  estimated 
histologically  and  or  autoradiographically. 
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Major  Findings: 

1.  The  pathway  by  which  material  enters  the  dendritic  macrophages 
has  been  established.  As  material  leaves  the  splenic  arterioles,  it  is 
taken  up  by  cells  called  marginal  metalophils  at  the  outer  edge  of  the 
lymphoid  follicle.   Individual  particles  or  small  aggregates  are  then 
transported  along  reticular  cells  to  the  dendritic  macrophages  in  the 
central  area  of  the  lymphoid  follicle,  a  distance  of  50-100  microns. 

2.  The  initial  uptake  of  material  by  the  marginal  metalophils 
appears  to  require  some  substance  present  in  blood. 

3.  The  transport  of  material  from  the  marginal  metalophils  to  the 
dendritic  macrophages  proceeds  in  a  completely  artificial  media.   It  is  not 
inhibited  by  potassium  cyanide,  dinitrophenol ,  or  sodium  fluoride  added  to 
the  perfusate  in  concentrations  known  to  inhibit  suspensions  of  susceptible 
cells.  The  transport  does  appear  to  be  inhibited  by  higher  concentrations 
of  sodium  fluoride  and  by  iodoacetate.  This  suggests  that  the  energy  for 
this  transport  process  is  supplied  by  glycolysis. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Same  as  seated  xinder  Eroject  Subtitle  I. 

Project  Subtitle  III:   The  Effects  of  Tissue  Specific  Antisera  on  Dendritic 
Macrophages  and  the  Immune  Response. 

Eroject  Description; 

Objectives: 

1.  To  study  the  effects  of  antilymphocyte  serum  on  dendritic 
macrophages  and  the  immune  response. 

2.  To  produce  and  study  antisera  with  greater  specificity  for 
individual  cell  types  in  the  spleen. 

Methods  Employed: 

Antisera  with  enhanced  specificity  for  individual  cell  types,  are 
being  produced  by  immunizing  rabbits  with  mouse  tissue  homogenates.   Spleen, 
liver,  thymus,  blood,  peritoneal  exudate,  and  lymph  node  homogenates  are 
being  used.  These  sera  are  \ised  to  passively  immunize  other  rabbits  that 
are  actively  immunized  with  other  organ  homogenates.  For  example,  a  rabbit 
possively  immunized  with  anti-thymus  serimi  and  actively  immunized  with  anti- 
spleen  serum  will  produce  antisera  greatly  enriched  in  antibody  against 
those  spleen  antigens  not  shared  with  the  thymus.   These  sera  will  be  tested 
for  effects  on  dendritic  macrophages,  antibody  production  and  other 
parameters  of  immune  responses. 
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Major  Findings: 

,pc-   Rabbit  antimo-use  antilymphocyte  serum  can  suppress  the  retention  of 
I    flagella  label  by  the  dendritic  macrophages  in  the  spleen.   It  has 
little  demonstrable  effect  on  other  types  of  macrophages. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 


The  mechanisms  by  which  antilymphocyte  serum  suppresses  immune 
responses  are  poorly  understood.  The  suppression  of  dendritic  macrophages 
may  be  an  important  immunosuppressive  effect  of  these  sera.   Sera  with 
greater  specificity  should  aid  in  investigations  of  the  cellular  basis  of 
immune  responses  and  may  possibly  provide  a  less  toxic  iramunosuppressive 
agent . 

Project  Subtitle  IV;   lodination  of  Protein. 

Project  Description; 

Objectives; 

To  develop  a  reliable  method  for  radio-iodine  labeling  of  protein 
with  predictable  specific  activity  and  level  of  iodine  substitution,  and 
with  minimal  protein  denaturation. 

Methods  Employed; 

Several  proteins  are  iodinated  under  various  conditions  with  either 
the  Chloramine  T  or  with  the  iodinemonochloride  method.  Both  of  these 
methods  depend  upon  the  generation  of  the  H  01"*"  ion  which  reacts  with 
protein,  primarily  by  replacing  an  H^  in  tyrosine  residues. 

l)  a.  21"  ^    Ig  +  2e 

E  =  Eq  +  k  log£2 


b.  I2  ^  I"  +  I^  -*  I-  protein  +  H  I 

2)      I  CI  ii  CI"  +  T+  -   I  -  protein  +  H  CI 

The  iodination  of  protein  by  the  Chloramine  T  method  proceeds  via 
reactions  1  a,  b  which  are  monitored  by  measuring  the  redox  potential,  E, 
with  a  potentiometer.  lodinimonochloride  is  easily  reduced  and  thus 
inactivated.  The  degree  of  iodination  is  correlated  with  potential  under 
a  variety  of  conditions.  Denaturation  is  measured  by  blood  clearance  rate 
and  iodinated  protein  or  by  appropriate  in  vitro  tests. 

I-lajor  Findings; 

1  -  With  the  Chloramine  T  method,  iodination  occurs  at  a  slow  and 
predictable  rate  at  225  mv  potential.  It  proceeds  rapidly  at  over  3OO  mv 
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potential.   Protein  denaturation  becomes  severe  at  potentials  over  350  mv. 
The  amount  of  Chloramine  T  needed  to  produce  a  given  potential  varies 
widely  with  radioiodine  batches  aind  protein  preparations.  The  I  CI 
iodination  is  inhibited  at  reducing  potentials  and  proceeds  best  at  mild 
oxidizing  potentials,  about  IOO-I5O  niv. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

Radioiodine  labeled  proteins  are  widely  used  in  biomedical  research. 
Many  iodination  methods  are  used,  but  most  either  cause  severe  denaturation 
or  are  frequently  unpredictable.  Monitoring  the  reaction  with  potentio- 
meter promises  to  facilitate  reproducible  and  uniform  iodination  of  proteins, 
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Project  Description: 

Project  Subtitle  I;  Genetics  and  pathogenesis  of  autoimmune  encephalomyelitis 

Objectives: 

To  elucidate  the  mechanisms  underlying  resistance  to  autoimmune 
encephalomyelitis  linked  to  age,  sex  or  strain  differences,  in  search  for 
leads  to  information  on  the  etiology  of  the  disease. 

Methods  Employed: 

Young  and  mature,  male  and  female  Strain  2  and  Strain  I3  guinea  pigs 
are  sensitized  passively  or  actively  to  heterologous  or  homologous  spinal 
cord  incorporated  into  Freund's  complete  adjuvant.  Clinical  and  histological 
evidence  of  the  ensuing  encephalomyelitis  is  obtained. 
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Major  Findings: 

Young  Strain  2  guinea  pigs  which  do  not  show  overt  disease  or  any 
clinical  signs  of  CNS  damage  nevertheless  have  typical  autoimmune 
encephalomyelitis  pathology  in  the  CES   after  sensitization  with  spinal 
cord  in  adjuvant.  After  passive  transfer  of  lymph  node  cells  sensitized 
to  spinal  cord  within  Strain  2  there  are  neither  signs  of  clinical  disease 
nor  histological  lesions  in  recipients.   This  contrasts  with  findings  in 
Strain  13,  where  recipients  show  both  overt  (lethal)  encephalomyelitis  and 
histological  lesions  in  the  brain  and  spinal  cord. 

Significance  to  Biomedical  Research  and  the  Erogram  of  the  Institute; 

Many  denjyelinating  diseases  in  man  are  age-sex-and  heredity- 
dependent.   It  is  now  being  strongly  debated  whether  there  is  viral  or 
allergic  etiology  in  these  diseases  or  a  combination  of  these.   Good 
animal  models  of  autoimmune  CNS  disease  will  help  clarify  some  of  the 
problems  in  diseases  of  this  type. 

Proposed  Course  of  Project; 

To  continue  study  of  the  relationship  of  autoimmune  encephalomyelitis 
to  human  deinyelinating  diseases  using  transfer  methods  as  described  in 
Project  Subtitle  III. 

Project  Subtitle  II;  Autoimmune  diseases  in  primates. 

Objectives; 

To  produce  experimental  autoimmune  diseases  in  primates,  as  potential 
models  for  certain  human  diseases  of  the  central  nervous  system  and  the  eye. 
To  study  the  developmental  pathology  of  these  diseases  and  its  relationship 
to  the  immune  response. 

Methods  Employed; 

Monkeys  are  immunized  with  antigens  prepared  from  CWS  tissue,  ocular 
tissues,  or  other  tissue  emulsified  in  Freimd's  complete  adjuvant.   The 
development  of  specific  clinical  and  pathological  disease  is  determined  and 
followed  in  detail. 

Major  Findings; 

Monkeys  immunized  with  monkey  retinal  tissue  developed  ocular  lesions, 
whereas  bovine  retina,  monkey  choroid  plexus,  and  guinea  pig  kidney  were 
ineffective.   Clinical  signs  consisted  of  choroiditis  and  sheathing  of 
retinal  vessels  without  optic  nerve  changes.  Histologic  examination 
confirms  perivasculitis  in  retina  and  uveitis. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

The  production  of  autoimmune  chorioretinitis  provides  an  animal 
model  of  great  assistance  In  the  study  of  eye  diseases  of  supposed  auto- 
immune character. 

Proposed  Course  of  Project; 

The  production  of  autoimmune  eye  diseases  will  be  continued  in 
monkeys  and  in  small  laboratory  animals.  The  specific  antigens,  reactive 
tissues  and  mechanisms  involved  will  be  studied  in  further  collaboration 
with  the  Ophthalmology  Branch,  WIWDB. 

Project  Subtitle  III;  Transplantation  of  immunologically  competent  tissues. 
Objectives; 

To  Investigate  the  events  after  adoptive  transfer  by  correlating  the 
changes  occurring  in  the  lymph  nodes  draining  sites  of  injection  of  antigens 
with  the  capacity  of  the  nodes  to  transfer  either  hypersensitivity  or 

antibody-producing  capacity. 

lyfethods  Employed; 

Inbred  guinea  pigs  are  sensitized  with  guinea  pig  testes  or  spinal 
cord  or  egg  albumin  in  Freund's  complete  adjuvant.  I^ymph  node  cell  ' 

suspensions,  lymph  node  slices,  peritoneal  exudates  or  circulating  leukocytes 
are  transferred  at  various  times  after  sensitization  into  inbred  and  random 
bred  recipients .  Recipients  are  observed  for  skin  reactivity,  tested  for 
circulating  19S  7.,  or  70  antibodies,  and  their  tissues  examined  histologically 
for  autoimmune  disease. 

Major  Findings; 


Strain  I3  recipients  of  Isologous  lymph  node  cells  transferred  at 
5  days  after  sensitization  of  donors  with  whole  isologous  testes  antigen 
developed  severe  autoimmune  aspermatogenesis  and  strong  cutaneous  reactivity 
to  this  antigen.  Cells  taken  15  days  after  sensitization  transferred  much 
less  severe  disease  to  recipients.  Female  donors  provided  more  potent 
sensitizing  cells,  but  recipients  of  either  male  or  female  donor  cells  had 
severe  aspermatogenesis  (5  days).  This  transfer  could  not  be  accomplished 
within  Strain  2,  although  Strain  2  guinea  pigs  are  susceptible  to  the  disease 
on  active  sensitization. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

This  transfer  of  autoimmune  aspermatogenesis,  indicates  that  diffi--". 
cultles  encountered  by  others  in  transferring  this  disease  and  others  more 
chronic  than  autoimmune  encephalomyelitis,  may  be  overcome  by  proper  choice 
of  time  of  transfer,  dose  of  adjuvant  and  donor -recipient  ratio.  It  also 
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strongly  confirms  the  autoinnmine  etiology  of  this  experimental  disease  model 
which  can  be  used  to  investigate  the  mechanisms  of  certain  types  of  orchitis 
and  aspermatogenesis,  i.e.  mumps  orchitis,  and  germinal  aplasia  in  man. 

Proposed  Course  of  Eroject; 

Transfers  involving  cell  suspensions  and  slices  will  be  continued 
to  assess  the  requirement  for  certain  nodal  architecture  in  the  continued 
differentiation  of  cells  involved  in  the  immune  response. 


Honors ; 


Associate  Editor  -  Journal  of  Immunology 

Faculty  -  American  Association  of  Immunologists  Summer  Course 

in  Immunology 

Member  -  U.S.  -  Japan  Cooperative  Medical  Science  Program 

(Professorial)  Lecttrrer  in  Immunology  -  Howard  University,  Washington, 

B.C. 


Publications ! 


Stone,  S.H.,  Lerner,  E.M.  II,  and  Goode,  J.H.  Jr.:  Adoptive  auto- 
immune encephalomyelitis  in  inbred  guinea  pigs:  Immunological  and 
histological  aspects.  Science  159?  995>  I968. 

Stone,  S.H.:  Cellular  commitments  to  immune  responses.  Ann.  Rev. 
Microbiol.  21:  181,  1967. 

von  Sallman,  L.,  ly^^ers,  R.E.,  Lerner,  II,  E.M.  and  Stone,  S.H.: 
Vasculo-oc elusive  retinopathy  in  experimental  allergic  encephalomyelitis. 
Arch.  Ophthal.  78:  112,  1967. 

Lamelin,  J. P.,  Paul,  W.E.,  Benacerraf,  B.  and  Stone,  S.H.:  Binding 
characteristics  of  anti-DNP  antibodies  produced  by  inbred  and  random- 
bred  guinea  pigs,  in  press. 
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1  1/12 


1  1/12 
1  1/12 


Isolation,  purification  and  chemical  characterization 
of  guinea  pig  transplantation  antigen 


Objectives; 

To  isolate  the  antigen  responsible  for  inducing  sensitivity  following 
the  transplantation  of  normal  tissues  and  to  characterize  the  chemical  natirre 
of  the  antigenic  determinants  responsible  for  its  biologic  activity. 

Methods  Employed; 

Antigen  is  isolated  by  exposure  to  low  intensity  ultrasound  and  is 
purified  by  application  of  gel  filtration  and  of  electrophoresis  on  dis- 
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continuous  polyacrylamide  gels.  Methods  of  chemical  characterization 
including  amino  acid  analysis  and  microchemical  separation  employing  radio- 
isotope labelling,  chromatography  and  interference  optics  ultracentrifugation 
of  pin-ified  materials  are  employed  in  the  work. 

Major  Findings; 

Guinea  pig  transplantation  antigen  may  be  liberated  by  exposure  of 
either  normal  tissue  or  of  tumor  cells  to  low  intensity  ultrasound.  Following 
removal  of  cell  membranes  and  passage  through  Sephades  G-200,  an  antigenic 
preparation  which  can  l)  induce  immunity  in  normal  allogeneic  hosts  against 
subsequent  challenge  with  donor-strain  skin  grafts,  2)  elicit  cutaneous 
hypersensitivity  reactions  in  hosts  previously  sensitized  by  skin  grafts, 
3)  evoke  immune  responses  following  admixture  with  peripheral  leucocytes 
derived  from  sensitized  hosts  and  then  injection  into  third- party  guinea  pigs, 
irradiated  hamsters,  or  in  tissue  culture.   Purification  of  the  active 
principle  was  accomplished  by  discontinuous  electrophoresis  on  polyacrylamide 
gels  at  pH  9'^  yielding  a  component  which  induces  immunity  and  elicits  immune 
reactions  by  sensitized  cells.   This  component  (l5j  RF  O.73-O.7U)  is  relatively 
homogeneous  on  re-electrophoresis  employing  gels  of  varying  porosity  and  in 
the  presence  of  urea.   It  can  be  obtained  from  lung,  liver,  kidney  and  spleen. 
When  electrophoresis  was  applied  to  the  Sephadex  Fraction  I  derived  from 
tumors,  the  component  15  so  derived  proved  to  be  complex  upon  re-electro- 
phoresis in  the  presence  of  8M  urea.   This  heterogeneity  proved  to  be  real 
and  has  limited  the  application  of  the  t\imor  as  a  source  of  antigen. 

The  components  15  isolated  from  normal  Strain  2  and  Strain  I3  tissues 
were  subjected  to  amino  acid  analyses  which  revealed  significant  differences 
in  the  content  of  five  amino  acids:  viz.  serine,  alanine,  valine,  leucine, 
and  isoleucine  and  suggestive  differences  in  the  content  of  tyrosine, 
phenylalanine,  and  methionine.  No  hexos amine  was  detected,  indicating  that 
carbohydrate  is  at  most  a  minor  component  of  this  antigen. 

The  purified  material  was  labelled  with  radioactive  iodine  and 
subjected  to  studies  to  reveal  any  electrophoretic  heterogeneity:  only  a 
single  component  was  detected  following  electrophoresis  under  a  variety  of 
conditions  at  pH  9.h.      The  p-urified  material  was  subjected  to  chromatography 
in  the  reduced  and  alkylated  state  on  Sephadex  G-200  in  the  presence  of  5M 
guanidine,  and  in  the  unreduced  state  on  G-lOO  columns  equilibrated  with 
ammonium  bicarbonate,  and  to  ultracentrifugation  monitored  by  interference 
optics.   Preliminary  results  of  these  studies  suggest  that  two  sub- components 
of  disparate  molecular  weights,  amino  acid  composition,  and  biological  acti-    : 
vities  can  be  isolated  from  the  electrophoretically  homogeneous  material. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  purification  of  transplantation  antigen  to  a  homogeneous  state 
which  shows  significant  chemical  differences  between  histoincompatible 
animals  represents  a  major  development  in  the  field  of  transplantation  immunity. 
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Although  the  actual  chemical  groupings  responsible  for  the  antigenic  activity- 
have  not  yet  been  defined,  recent  studies  have  offered  the  promise  of 
obtaining  relatively  small  amounts  of  homogeneous  proteins  for  structural 
and  sequential  analysis.   Once  developed,  these  materials  can  be  used  for 
raising  specific  antisera,  for  development  of  test  tube  typing  procedures, 
and  for  specific  desensitization  employing  animal  models. 

Eroposed  Course  of  Eroject; 

Studies  underway  on  the  chemistry  of  these  materials  are  being 
continued  on  the  subcomponents  and  their  biologic  and  chemical  characterization. 
Other  work  related  to  the  intracellular  localization  of  the  antigens  is  under- 
way and  is  expected  to  afford  information  regarding  the  physiology  of  the 
extracted  antigens. 

Project  Subtitle  II:  Extraction  of  tumor-specific  antigens  from  carcinogen- 
induced  sarcomas  in  guinea  pigs. 

Objectives; 

To  extract  and  purify  a  principle  capable  of  inducing  immunity  in 
normal  animals  against  challenge  with  an  isogeneic  transplantation  tumor.    .  ^ 
Furthermore,  to  determine  the  chemical  nature  of  the  active  material  and  to   ; 
compare  this  material  with  the  transplantation  antigens  derived  from  tumors   , 
and  from  normal  tissues.  || 

I' 
Methods  Employed; 

The  methods  outlined  under  Subtitle  I  will  be  employed  in  these 
studies:  including  sonication,  gel  filtration  and  polyacrylamide  gel 
electrophoresis. 

Major  Findings: 

The  tumor-specific  antigenic  activity  can  be  recovered  in  the 
130,000g  supernate  of  tumor  cells  exposed  to  ultrasound.   The  antigenic 
factor  obtained  from  a  Strain  2  guinea  pig  liposarcoma  will  induce  the 
rejection  of  a  tumor  challenge  following  immunization  of  a  normal  Strain  2 
animal  with  tumor  extract.   On  the  other  hand,  animals  pretreated  with        '. 
extract  from  the  liposarcoma  have  no  resistance  to  the  growth  of  a  different   | 
methylcolanthrene- induced  Strain  2  tumor,  an  osteogenic  sarcoma.  Therefore,   ! 
the  antigenic  activity  is  tumor-specific  both  in  that  it  induces  the  rejection 
of  tumors  in  isogeneic  animals  and  in  that  it  is  specific  for  the  tumor  from 
which  it  was  derived  and  shows  no  cross-reaction  with  other  tumors  produced 
by  the  same  carcinogen,  a  finding  previously  noted  by  other  investigators 
employing  biologic  studies  on  tumor  growth. 

As  has  been  previously  described  from  this  laboratory,  animals  develop 
cutaneous  hypersensitivity  against  proteinaceous  antigens  following  grafting 
with  allogeneic  tissue.  In  the  case  of  transplantation  antigens  derived  from  I 
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narmal  tissue  or  from  tumors,  animals  are  immunized  with  either  allogeneic 
tumor  or  skin  grafts  and  twelve  days,  later  given  intradermal  challenge  with 
0.1  -  50  micrograms  of  antigen.   These  hosts  develop  cutaneous  hypersensitivity 
reactions  of  the  delayed  type  following  challenge  with  donor-strain 
transplantation  antigen  but  not  with  syngeneic  antigen.   In  the  case  of  tumor 
specific  immunity.  Strain  2  animals  immunized  by  temporary  growth  of  the 
Strain  2  liposarcoma  or  of  the  Strain  2  osteogeneic  sarcoma  express  delayed 
type  cutaneous  hypersensitivity  when  challenged  with  intradermal  injections 
of  antigen  derived  from  that  tumor.  Furthermore,  animals  immunized  with  the 
osteogenic  sarcoma  and  then  challenged  with  skin  tests  from  the  osteogeneic 
and  from  the  liposarcoma  C  (another  liposarcoma  induced  by  methylcholanthrene ) 
show  immune  reactions  at  the  osteogenic  sites,  but  not  at  the  liposarcoma  C 
sites . 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

This  represents  the  first  time  that  a  subcellular  proteinaceous 
material  has  been  demonstrated  to  induce  specific  tumor  immunity  in  isogeneic 
animals.   Therefore,  these  findings  are  of  considerable  interest  to  those 
interested  in  the  antigenic  nature  of  tumors  for  the  purposes  of  antigenic 
analysis  of  tumor  specificity  and  for  the  purpose  of  immunotherapy. 

Proposed  Course  of  Project; 

This  project  will  attempt  to  apply  to  the  tumor  problem  the  techniques 
used  in  the  pixrification  of  transplantation  antigens.  The  use  of  poly- 
acrylamide  electrophoresis  in  the  present  situation  may  lead  to  a  purified 
derivative  of  marked  biologic  potency,  and  thus  facilitate  the  analysis  of 
the  nature  of  the  chemical  determinants  responsible  for  tumor-specific  immunity. 

Project  Subtitle  III:    Isolation  and  Characterization  of  Human  Transplan- 
tation Antigen 

Objectives; 

To  obtain  human  transplantation  antigens  in  subcellular  form  suitable 
for  purification  and  characterization. 

Methods  Employed: 

The  very  techniques  employed  in  Subtitle  I  will  be  applied  to  this 
problem.   It  is  the  hope  of  all  workers  in  this  field  that  the  techniques 
applied  to  animal  models  will  be  directly  applicable  to  the  human  situation 
and  the  present  collaboration  will  offer  us  the  opportunity  to  test  this 
hypothesis.  The  present  study  takes  advantage  of  the  recent  gains  in  the 
chemistry  of  the  antigen  which  have  been  made  in  our  laboratory,  and  the 
sophisticated  serologic  and  biologic  studies  of  Professor  Ceppellini..  His 
work  in  collaboration  with  that  in  many  centers  throughout  the  world  has 
developed  a  serologic  system  which  is  felt  to  reflect  the  basis  of  trans- 
plantation.  Typing  by  these  antisera  has  offered  promising  leads  in  the 
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detection  of  histoincompatibility .   Furthermore,  his  studies  on  skin  grafts 
survival  have  lead  to  definition  of  the  genetic  differences  in  family 
clusters . 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  development  of  specific  transplantation  antigens  in  water  soluble 
and  relatively  purified  form  will  offer  human  transplantation  suitable 
reagents  for  raising  specific  typing  antisera  and  aid  the  development  of 
more  precise  methods  of  assessing  antigenic  differences  perhaps  culminating 
in  the  development  of  chemical  criteria  such  as  have  been  developed  for  the 
guinea  pig.   Once  procured,  these  materials  could  be  used  in  all  facets  of 
human  transplantation  with  special  emphasis  on  desensitization. 

Proposed  Course  of  Project: 

The  project  is  being  initiated  in  April  I968  and  will  be  continued 
according  to  the  results  obtained.   It  has  be'^n  proposed  that  aifter  the 
initial  demonstration  of  the  biologic  potency  of  these  extracts,  subsequent 
chemical  work  could  be  carried  out  independent  of  the  patients .   It  is 
expected  that  this  project  will  eventually  override  that  described  in 
Subtitle  I  and  encompass  the  major  portion  of  the  effort  in  this  area. 

Project  Subtitle  IV;  Statistical  model  of  growth  rates  in  mixed  leucocyte 
cultures 

Objectives: 

To  obtain  a  mathematical  model  of  growth  rate  in  mixed  culture  which 
would  isolate  the  growth  stimulation  due  to  histoincompatibility  from  the 
non-specific  and  non- immunologic  factors  producing  cell  growth. 

Ifethods  Employed; 

The  statistical  methods  employed  were  developed  for  studying  the 
interaction  portion  of  mixtures  specifically,  and  were  employed  originally 
for  studies  on  influenza  virus  and  various  antisera  and  then  for  studies  on 
nucleic  acid  homologies.   In  essence,  the  overall  growth  rate  of  leucocyte 
cultures  is  subdivided  into  l)  a  term  representing  the  overall  technical 
factors,  including  the  type  of  tissue  culture  medium,  the  amount  of  plasma, 
the  type  of  assay  of  growth,  etc.,  2)ateim  a  representing  the  variability  Of 
the  responsiveness  of  cells  to  antigenic  stimuli  in  general,  3)  ^^  term  b 
representing  the  ability  of  a  variety  of  antigenic  stimuli  to  induce  mitosis 
of  a  given  set  of  cells,  and  k)   an  interaction  term.   This  latter  term  yields 
a  parameter,  the  relatedness,  which  is  a  specific  reflection  of  the  degree  of 
histocompatibility  between  two  cell  donors. 
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Major  Findings: 

Analysis  of  data  in  the  literature  employing  the  relatedness 
statistic  has  yielded  information  which  could  never  be  predicted  from 
appraisal  of  the  data.   It  has  demonstrated  that  the  mixed  leucocyte  data 
of  Bachand  Amos  (1967)  shows  three  separate  histocompatibility  groups. 
One  group  with  relatedness  values  of  0.4  are  of  the  identical  histocompat- 
ibility type^  a  second  group  with  values  of  2.5  may  differ  by  two  alleles 
from  each  other ^  and  a  third  group  with  values  of  3  "6  may  differ  from  each 
other  by  three  alleles . 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

The  application  of  the  relatedness  statistic  eliminates  the  technical 
and  \inrelated  variables  and  isolates  the  histocompatibility  portion  of  the 
overall  stimulation  in  culture.  As  such  it  provides  a  powerfiil  measure  of 
compatibility  and  permits  analysis  of  complex  culture  data.   It  now  offers 
a  new  approach  for  the  development  and  wider  application  of  mixed  leucocyte 
systems . 

Proposed  Course  of  Project; 

Data  from  several  laboratories  involved  in  mixed  leucocjrte  culture 
techniques  is  being  requested  in  order  that  all  these  data  be  integrated 
hopefully  to  produce  further  genetic  information  about  human  histocompat- 
ibility.  In  the  future  computer  programs  could  be  distributed  to  participating 
units  in  order  that  this  approach  could  be  Integrated  into  the  operation  of 
the  tissue  typing  centers  employing  the  mixed  leucocyte  culture  data  as  an 
assessment  of  histocompatibility. 

Publications: 

Kahan,  B.D.,  Relsfeld,  R.A.,  Epstein,  L.B.  and  Southworth,  J.G.: 
Biologic  activities  of  a  water  soluble  guinea  pig  transplantation  antigen. 
In  Histocompatibility  Testing,  Mixnksgaard,  Copenhagen,  196'J. 

Kahan,  B.D.  and  Reisfeld,  R.A.:  Progress  in  the  purification  of  a 
water  soluble  guinea  pig  transplantation  antigen.  In  Advances  in  Transplan- 
tation, Munksgaard,  Copenhagen,  1967» 

Kahan,  B.D.:  Cutaneous  hypersensitivity  reaction  to  proteinaceous 
transplantation  antigens.  J.  Imrmmol.  99:1121,  I967. 

Kahan,  B.D.  and  Reisfeld,  R.  A.:  Electrophoretic  purification  of  a 
water  soluble  transplantation  antigen.  Proc.  Natl.  Acad.  Sci.  58:  ^30,  1967- 
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Project  Description: 

Objectives: 

To  ascertain  whether  all  immunocytes  of  a  particular  lymphoid 
organ  (spleen),  responding  to  initial  stimulation  with  chemically  defined 
antigenic  hapten  determinants,  produce  antibodies  with  only  single  dis- 
crete combining  specificities;  or  whether  a  single  cell  ma^  simultaneously 
produce  antibodies  of  more  than  one  non-cross -reacting  specificity. 

Methods  Employed: 

Synthetic  chemical  antigenic  determinants  are  chemically  combined 
to  soluble  and  particulate  carrier  molecules  and  used  to  immunize  experi- 
mental animals.  At  various  stages  of  the  immune  response  lymphoid  organs, 
usually  the  spleen,  are  removed  from  the  animals  and  dispersed  into  single 
cell  suspensions.  These  cells  are  then  assayed  and  enumerated  for  their 
individual  combining  specificities  by  the  modified  localized-hemolysis-in- 
gel  technique,  (LHG)  of  Merchant  and  Hraba. 
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The  very  recently  described  replicate  LHG  technique  of  Brahmi  and 
Merchant  has  been  adapted  to  assay  the  combining  activity  of  individual 
irannme  cells  for  two  or  more  different  haptenic  determinants . 

Major  Findings : 

During  the  6  months  of  work  on  this  project  the  following  is  reported. 

1.  Methods  of  preparing  and  manipulating  hapten  conjugated  indicator 
eiythrocytes  have  been  improved  for  use  in  the  LHG  technique. 

2.  Adequate  lots  of  protein  carriers  have  been  chemically  conjugated 
with  defined  hapten  deteiminants  of  both  single  and  double  configurations. 
These  defined  antigens  were  found  to  evoke  good  responses.  Carriers 
bearing  haptenic  determinants  with  known  low  levels  of  cross -reactivity 
have  been  prepared.  Other  preparations  have  been  shown  to  be  non-cross - 
reacting  in  preliminary  control  experiments. 

3.  Large  pools  of  antiglobulin  antisera,  have  been  prepared  in 
sheep  against  globulin  fractions  bearing  all  known  determinants  of  rabbit 
immunoglobulins.  Characteristics,  such  as,  facilitation  and  inhibition 
levels  of  these  important  reagents  have  been  determined. 

k.     The  replica  LHG  technique  as  described  separately  (Project  152) 
has  been  foimd  to  function  well  in  experiments  designed  to  answer  the 
question  of  whether  single  cells  can  elaborate  products  of  more  than  one 
combining  specificity.  Data  from  recent  very  preliminary  experiments  have 
not  yet  suggested  the  existance  of  such  "doublet"  cells. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

This  study  makes  an  additional  application  of  the  LHG  technique 
modified  to  study  the  antibody  response  to  simple  defined  chemical  groups. 
The  study  is  important  since  by  these  methods  one  is  able  to  assay  more 
cells  for  specificity  of  product  formation  than  has  been  possible  in 
previous  studies  by  earlier  methods .  The  replica-LHG  technique  allows 
the  first  direct  large  scale  study  of  the  specificities  of  antibodies 
elaborated  by  single  cells  against  defined  antigenic  determinants.  Results 
of  this  study  will  be  fimdamentally  important  to  the  imderstanding  of  the 
overall  sequence  of  events  involved  in  biosynthesis  of  specialized  proteins. 
It  will  provide  fundamental  information  immediately  applicable  to  the  study 
of  cellular  differentiation  at  the  level  of  the  immune  response,  and  to 
biologic  differentiation  in  general. 

Proposed  Course  of  Project; 

Wow  that  the  important  preliminary  preparations  and  control  experi- 
ments are  complete,  the  major  experiments  are  now  underway.  If  a  population 
of  "doublet"  cells  are  found  an  effort  will  be  made  to  determine  if  their 
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secondary  products  are  directed  at  deeper  determinants  of  the  hapten,  ie_ 
to  the  common  ring  structure.  Furthermore,  if  such  cells  exist  it  will 
be  interesting  to  determine  if  their  heterologous  products  are  related 
to  a  heterogenetic  origin  of  such  cells . 
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Project  Description; 

Ecoject  Subtitle  I; 


5/12 
2/I2 


"3712- 


5/12 
"27I2 


1712 


Attempts  to  demonstrate  serum  antibodies  to  virus- 
induced  tumor-specific  transplantation  antigens  by  means 
of  the  mixed  hemadsorption  reaction. 


Objectives: 

To  develop  a  serologic  test  for  the  detection  of  tumor-specific  cell 
surface  antigens,  and  antibodies  directed  against  these  antigens. 

Methods  Employed: 

Mixed  hemadsorption  (MH)  is  a  highly  sensitive  mixed  antiglobulin 
reaction  which  is  especially  suited  for  the  detection  of  antibodies  directed 
against  cell  surface  antigens.  For  this  reason,  it  was  decided  to  use  MH  in 
a  study  of  virus-induced  tumor-specific  transplantation  antigens  (TSTA). 
Hamster  cell  lines  were  transformed  by  either  SV40  or  polyoma  virus,  and  a 
mouse  cell  line  by  polyoma.   The  presence  of  TSTA  in  the  transformed  cell  had 
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been  established  by  in  vivo  transplantation  studies  in  appropriately 
immunized  hosts.  Hamster  and  mouse  anti-SVUO  or  anti-polyoma  sera  were 
prepared  by  inmunization  with  virus .  Mice  and  hamsters  were  hyper  immunized 
with  syngeneic  or  allogeneic  killed  SV40  or  polyoma  tumor  cells  in  an  attempt 
to  obtain  sera  specific  for  TSTA.  Monolayer  cultiores  of  hamster  and  mouse 
SV40  and  polyoma  transformed  cells  were  tested  with  the  axiti-virus  and  sjiti- 
tumor  sera  by  means  of  MH. 

Major  Findings; 

The  only  positive  reaction  was  obtained  with  hamster  anti-polyoma 
virus  serum  on  mouse  polyoma  transformed  cells,  but  this  was  equally  as 
reactive  with  normal  mouse  fibroblasts  indicating  the  presence  of  antibodies 
to  species-specific  mouse  antigens  which  were  not  completely  separated  from 
the  immunizing  polyoma  virus  preparation. 

The  failure  to  demonstrate  humoral  antibodies  to  TSTA.  by  mixed 
hemadsorption  suggests  that  these  antibodies  were  either  absent,  or  present 
at  such  low  levels  as  to  be  undetectable.  Alternatively,  TSTA  may  actually 
be  localized  within  or  beneath  the  plasma  membrane.  Such  an  interpretation 
would  be  compatible  with  previous  studies  which  detected  TSTA  at  the  cell 
"surface"  by  means  of  indirect  immunofluorescence. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

The  development  of  an  objective,  easily  performed  in  vitro  test  for 
the  detection  of  tumor-specific  antigens,  and  antibodies  directed  against 
these  antigens  would  be  a  major  advance  in  the  field  of  tumor  immunology, 
since  it  would  allow  for  the  detection  of  both  neoplastically  transformed 
cells,  as  well  as  an  immune  response  which  might  be  elicited  by  the  tumor 
specific  antigens.  The  current  work  has  been  directed  towards  this  end. 

Publications : 

Barth,  R.F.,  Takemoto,  K.K.,  Malmgren,  R.A. ,  Rabson,  A.S.:  Attempts 
to  demonstrate  serum  antibodies  to  virus-induced  tumor-specific 
transplantation  antigens  by  means  of  the  mixed  hemadsorprtion  reaction.J 
in  vitro.   (Proc.  19th  Ann.  Meeting  Tissue  Culture  Assoc.)  I968. 
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Project  Description; 

Project  Subtitle  I;  Cellular  participation  in  the  immune  response  to 
chemically  defined  hapten  antigens. 

Objectives; 

To  employ  the  hapten-specif ic  immune  cell  plaque  procedure  for 
elucidating  the  cytokinetics  of  immune  responses  to  chemically  defined 
hapten  antigens.  To  characterize  the  classes  of  antibody-releasing 
immune  cells  with  respect  to  specificity,  interdependence  and  sequence 
of  appearance.  To  automate  the  detection  and  enumeration  of  hapten- 
specif  ic  plaque -forming  cells. 

Methods  Entployed; 

Lymphoid  cell  suspensions  from  rabbits  or  mice  immune  to  a  hapten- 
protein  conjugate  are  assayed  at  various  intervals  for  their  plaque- 
forming  activity  on  hapten  coated  erythrocytes.  Immune  cells  releasing 
7M  and  yG   antibodies  specific  for  any  given  test  hapten  are  detected 
by  the  direct  and  indirect  hemolytic  plaque  assay  procedures  respectively. 
The  activity  of  standard  plaque- in-agar  assays  is  compared  with  that 
detectable  by  a  new  assay  innovation  which  involves  performance  of  the 
plaque  procedure  in  filament-type  microcapillary  tubes.  In  this  new 
procedure  plaque -forming  cells  are  detected  as  recordable  peaks  of  light 
transmission  by  passage  of  the  microcapillary  assay  tubes  through  a 
col-umnated  light  source. 

Major  Findings: 

Individual  antibody-releasing  cells  responding  to  chemically 
defined  hapten  antigens  show  a  high  degree  of  specificity  which  then 
undergoes  a  compartmentalized  dispersion  as  immunization  proceeds.  Early 
7M  antibody  releasing  cells  are  highly  specific  for  their  immunizing 
hapten.  Early  7G  antibody  secreting  cells  have  similar  specificity. 
After  secondary  immunization  some  7M  releasing  cells  appear  which  have 
been  shown  to  produce  antibody  cross -reactive  with  structurally  related 
but  chemically  distinct  hapten  antigens.  This  occurs  at  a  time  when 
7G  releasing  plaque -forming  cells  remain  specific  for  the  immvinizing 
hapten. 

The  detection  and  enumeration  of  antibody-releasing  cells  by  our 
new  microcapillary  procedure  correlates  well  with  detection  of  plaque- 
forming  cells  by  the  standard  plaque -in-agar  procedure.  In  addition  to 
permitting  automation  of  antibody- forming  cell  detection  the  new  micro- 
capillary procedTire  permits  evaluation  of  further  qualitative  differences 
between  cells  producing  a  single  class  of  antibody  against  a  single 
chemically-defined  hapten  determinant.  Some  such  cells  produce  plaques 
resulting  in  high  sharp  peaks  of  light  transmission  while  others  cause 
only  partial  hemolytic  plaques  which  are  registered  as  broad ^  low 
transmission  peaks. 
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Significance  to  Biomedical  Research  and  to  the  Program  of  the  Institute; 

The  demonstration  of  "compartmentalization"  of  cross -reactivity, 
or  its  restriction  to  cells  producing  exclusively  a  given  class  of  anti- 
body immunoglob\ilin  indicates  a  greater  predilection  towards  specificity 
for  certain  classes  of  i mmunoglobulin  molecules  and  for  the  cell  respon- 
sible for  their  secretiono  This  suggests  that  cells  producing  the  more 
specific  class  of  antibody  (7G)  may  be  charged  with  the  main  responsibil- 
ity for  specific  immunological  memory  while  cells  producing  antibody 
with  a  propensity  for  cross  reactions  (7M)  may  have  evolved  to  serve 
shorter  term  ananmesis  characterized  by  a  broader  spectrum  of  associated 
immunological  specificities » 

Automation  of  the  assay  for  hemolytic  plaque-forming  cells  by 
means  of  our  new  microcapillary  procedure  should  seTve   to  accelerate 
the  acquisition  of  knowledge  about  antibody-forming  cells.   In  addition 
to  attendant  technical  convenience,  it  permits  discrimination  of  distinct 
and  reproducible  qualitative  differences  between  individual  antibody- 
producing  cells  representing  what  had  previously  been  considered  a  homo- 
geneous cell  population. 

Proposed  Coiirse  of  Project; 

Experiments  will  be  conducted  to  determine  if  passively  transferred 
(7G)  antibody  of  high  specificity  serves  by  a  feedback-type  mechanism  to 
accentuate  a  dispersion  of  the  ajitibody  specificities  elicited  among 
cells  competent  to  produce  7M  antibodies.  Dispersion  of  7M  specificity 
might  help  to  explain  why  immunization  with  a  single  hapten  determinant 
gives  rise  to  a  multiplicity  of  immune  cell  populations  each  producing 
a  different  class  of  antibody  against  the  hapten  in  a  seemingly  redundant 
duplication  of  function. 

Project  Subtitle  II;   Suppression  of  Graf t-Versus -Host  and  Allograft 
Rejection  Responses. 

Objectives; 

To  assess  the  capacity  of  diverse  antigenic  substances  to  inhibit 
the  graft -versus -host  capabilities  of  lymphoid  cells  from  antigen  treated 
donor  mice. 

Methods  Employed; 

Inbred  donor  mice  receive  daily  injections  of  a  test  antigen 
ostensibly  unrelated  to  transplantation  antigens  and  after  various  treat- 
ment intervals,  their  spleen  cells  are  transferred  to  irradiated  adult 
recipients  allogeneic  to  the  donors  at  a  strong  histocompatibility  locus. 
The  intensity  of  ensuing  graft -versus -host  reactions  is  evaluated  on 
the  basis  of  recipient  sixrvival. 
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Major  Findings; 

Graft -versus -host  reactions  can  be  effectively  ameliorated  by- 
treatment  of  donor  mice  with  any  of  a  variety  of  diverse  viral,  bacterial 
invertebrate  or  mammalian  antigens.  In  certain  H-2  histocompatibility 
combinations  (a/LN  ^^  CBA./J  )  long  term  chimerism  has  been  established 
in  which  surviving  recipients  regularly  maintain  donor  skin  allografts 
for  intervals  in  excess  of  three  months. 

Significance  to  Biomedical  Research  and  to  the  Program  of  the  Institute; 

These  studies  serve  to  focus  attention  on  control  of  donor  cell 
iicmrimocompetence  as  a  profitable  approach  to  the  regulation  of  trans- 
plantation reactions.  The  production  of  interspecies  chimeras  by  such 
a  means  is  fully  conceivable.  Such  a  development  in  rodents  might  serve 
as  a  useful  model  for  the  eventual  production  of  interspecies  chimeras 
among  primates. 

Proposed  Course  of  Project; 

Studies  will  be  undertaken  to  produce  interspecies  rodent  chimeras 
by  this  approach.  Other  studies  will  be  conducted  to  evaluate  the 
possibility  of  selective  suppression  of  host -versus -graft  reactions  as 
an  aid  to  development  of  allogeneic  chimeras . 

Project  Subtitle  III;  Evalxiation  of  the  efficiency  of  detection  of 
antibody-forming  cells. 

Objectives; 

To  compare  the  relative  efficiencies  of  cxirrent  microchamber  and 
plaque -in-agar  assay  procediares  in  the  detection  of  hemolytic  plaque- 
forming  cells. 

Methods  Employed: 

Suspensions  of  lymphoid  cells  from  rabbits  immunized  with  either 
erythrocyte  or  hapten  antigens  or  both  are  compared  simultaneously  for 
their  hemolytic  plaque-forming  cell  activities  by  both  the  microchamber 

and  the  plaque- in-agar  assay  techniques.  Frequency  distributions  of 
the  plaque  size  ranges  discerned  by  these  two  assay  methods  are  prepared 
from  image-shearing  measiirements  of  plaque  diameters. 

Major  Findings; 

The  7M  plaque-forming  cell  activity  levels  discerned  by  the  micro- 
chamber  and  the  plaque- in-agar  assay  procedures  are  highly  comparable 
both  for  hapten  and  for  erythrocyte  antigen  systems.  Plaque  size 
distribution  data  reveals  that  the  microchamber  procedure  is  potentially 
the  more  sensitive  for  detection  of  such  cells,  however,  the  rates  of 
antibody  secretion  by  the  rabbit  immune  cells  responding  to  the  antigens 
thus  far  investigated  are  sufficiently  high  as  to  be  well  above  the 
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sensitivity  threshold  for  both  assay  procedures. 

Significance  to  Biomedical  Research  and  to  the  Program  of  the  Institute; 

The  present  experiments  provide  the  first  evidence  correlating 
data  from  the  two  major  current  procedures  for  hemolytic  plaque-forming 
cell  detection.  They  indicate  that  these  procedures  detect  effectively 
the  same  populations  of  7M  antibody-secreting  cells  and  they  enhance 
the  prospect  that  findings  obtained  by  these  two  different  assay  pro- 
cedures may  be  generally  interchangeable. 

These  studies  point  up  the  desirability  of  plaque-size  frequency- 
distribution  data  as  a  major  tool  for  standardization  of  the  sensitivity 
of  any  given  hemolytic  plaque  assay  proced\ire. 

Proposed  Course  of  Project: 

Studies  will  be  undertaken  to  ascertain  whether  the  comparability 
shown  for  7M  plaque -forming  cell  detection  by  these  two  assay  proced\ares 
applies  also  for  their  detection  of  cells  releasing  7G  antibodies.  . 

Project  Subtitle  IV;  Cellular  participation  in  7M  and  7G  antibody 
production. 

Objectives; 

To  ascertain  whether  individual  antibody-releasing  cells  synthesize 
and  secrete  one  or  more  classes  of  antibody  immunoglobulin  at  any  given 
time  and  to  ascertain  whether  the  well  known  transition  from  7M  to  7G 
antibody  production  represents  conversion  of  individual  cells  or  whether 
cells  producing  7G  antibodies  represent  a  separate  and  distinct  cell 
population. 

Methods  Employed; 

After  many  attempts,  a  new  technique  has  been  developed  which 
allows  collection  of  duplicate  sancples  of  the  products  secreted  by 
individual  lymphoid  cells  without  necessitating  single  cell  isolation. 
Immune  cells  are  sequestered  between  two  apposed  ultrathin  agar-red  cell 
layers  each  of  which  is  supported  by  a  heavier  yet  flexible  agar  base 
layer.  The  antibody -producing  cells  are  allowed  to  secrete  their  products 
for  a  two  hour  interval  at  physiologic  temperatixre  during  which  time  re- 
leased antibody  molecules  diffuse  radially  and  attach  to  indicator  erythro- 
cytes in  both  the  original  and  the  imprint  layers.  These  layers  are 
then  separated  and  developed  for  detection  of  either  7M  plaques  or  of  jG 
plaques.  Comparison  of  resultant  plaque  patterns  for  degree  of  bilateral 
plaque  correspondence  provides  a  clear  indication  of  the  nimibers  of  cells 
simultaneously  releasing  both  7M  and  7G  antibodies  in  any  given  immune 
cell  population.  Assays  of  this  type  are  conducted  at  successive  inter- 
vals during  the  immune  response  to  ascertain  whether  cells  releasing 
both  classes  of  antibody  may  be  at  peak  numbers  during  the  time  of 
transition  from  7M  to  7G  antibody  production. 
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Major  Findings; 

The  hemolysin  response  of  over  5000  rabbit  immune  cells  has  been 
analyzed  in  this  fashion.  Rabbit  cells  producing  7M  and  7G  hemolytic 
antibodies  comprise  two  separate  and  distinct  populations  of  cells.  The 
highest  level  of  cells  potentially  secreting  both  antibody  classes 
simultaneously  is  1.85^,  however,  such  potential  double  producers  average 
no  more  than  0.5^0  in  most  immune  cell  populations  (a  level  of  double 
■production  which  may  be  indistinguishable  from  artifact).  The  incidence 
of  such  potential  double-producers  is  independent  of  time  hence  there 
is  no  indication  that  individual  cells  undergo  a  synthetic  conversion  at 
the  time  of  transition  from  7M  to  7G  production. 

Significance  to  Biomedical  Research  and  to  the  Program  of  the  Institute: 

The  finding  that  7M  and  7G  producing  cells  constitute  what  are 
effectively  mutually  exclusive  cell  populations  is  of  major  significance 
in  cellular  immunology.  It  indicates  that  immune  cells  are  highly 
differentiated  with  respect  to  their  unique  immunoglobulin  products  and 
that  7  and  n  chain  synthesis  rarely  if  ever  occurs  within  an  individual 
immune  cell.  A  full  understanding  of  this  strict  division  of  labor 
between  individual  immune  cells  awaits  further  experimentation,  however, 
the  present  findings  are  generally  supportive  of  the  concepts  promulgated 
by  selective  theories  of  antibody  formation. 

The  presently  developed  imprint  technique  permits  the  first  simple 
and  comprehensive  procedure  for  multiproduct  assay  of  viable  immune  cells. 
It  should  be  instrumental  in  testing  clonal  selection  theories  of  anti- 
body formation  (see  Project    ).  Its  main  benefits  are  its  high  screen- 
ing capacity  and  its  applicability  to  viable  rather  than  fixed  or  frozen 
cells.  With  minor  modifications  this  replicate  plating  procedure  should 
have  extensive  applicability  to  cellular  studies  in  disciplines  other 
than  immunology.  Since  it  permits  simultaneous  collection  of  two  samples 
of  the  products  of  each  of  h'undreds  of  cells  without  necessitating  in- 
divid\ial  cell  isolation,  it  should  prove  applicable  to  biochemical  and 
enzymeological  investigations  of  the  synthetic  competence  of  individual 
animal  or  plant  cells. 

Proposed  Course  of  Project; 

Studies  will  be  undertaken  to  analyze  the  synthetic  activities  of 
individual  immune  cells  over  extended  incubation  intervals  in  order  to 
assess  the  possibility  of  sequential  rather  than  simultaneous  synthesis 
of  two  classes  of  antibody. 

Studies  will  be  performed  in  mice  to  ascertain  whether  the  strict 
celltilar  differentiation  for  immunoglobulin  class  production  demonstrated 
for  rabbits  holds  for  other  animal  species .  Efforts  will  be  made  to 
extend  the  capability  of  the  present  imprint  technique  so  that  four  or 
more  samples  may  be  collected  of  the  products  of  individual  antibody 
secreting  cells. 
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other  studies  (Project  #   )  are  aimed  at  employing  the  present 
duplicate  plating  technique  to  assess  the  validity  of  selective  theories 
of  antibody  formation. 

Project  Subtitle  V:  Cellular  participation  in  the  immune  response  to 

penicillin  and  other  allergenic  haptens . 

Objectives; 

To  develop  specific  hemolytic  plaque  procedures  for  detection  of 
cells  producing  antibody  against  allergenic  drugs  and  to  define  the 
cytodynamics  of  immune  responses  elicited  by  such  drugs. 

Methods  Employed; 

Suspensions  of  lymphoid  cells  from  rabbits  or  mice  immunized  with 
penicillin  or  other  allergenic  drugs  are  incorporated  into  localized 
hemolysis-in-gel  assay  plates  along  with  hapten  conjugated  sheep  erythro- 
cytes. ParaJ-lel  assays  are  employed  for  detection  of  cells  producing 
jM  or  7G  antibodies.  Various  conjugation  reactions  are  evaluated  for 
their  relative  effectiveness  and  applicability  to  conditions  of  the 
plaque  assay. 

Major  Findings; 

Cells  producing  antibody  to  penicillin  have  been  identified  in 
the  lymphoid  organs  of  rabbits  and  mice  and  among  the  circulating 
leukocyte  compartment  of  certain  himian  vol\mteers  in  acute  stages  of 
penicillin  allergy.  The  cytodynamics  of  these  immune  responses  in 
rabbits  and  mice  have  been  defined.  In  occasional  instances  drug 
treatment  of  rabbits  alone  (penicillin  administration  without  carrier 
proteins  or  adjuvants)  has  elicited  significant  numbers  of  cells  re- 
leasing antibody  to  penicillin. 

Significance  to  Biomedical  Research  and  to  the  Program  of  the  Institute; 

A  method  has  been  developed  which  allows  direct  detection  of  those 
cells  responsible  for  penicillin  allergy.  Substantial  progress  has  been 
made  toward  developing  an  experimental  animal  model  of  human  drug  allergy. 

Proposed  Course  of  Project; 

Efforts  will  be  made  to  extend  present  methods  to  the  detection 
of  cells  producing  antibodies  against  other  clinically  significant 
allergenic  drugs.  Studies  will  be  undertaken  to  explore  whether  specific 
suppression  of  cells  producing  antibody  to  penicillin  is  experimentally 
feasible. 
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Project  Description: 

Project  Subtitle  I:   The  Specific  Purification,  Fractionation  and  Character iza-  c 
tion  of  Antibodies. 

Objectives: 

1.  To  explore  specific  methods  of  antibody  purification  using  solid 
immunoadsorbents . 

2.  To  fractionate  rabbit  antibodies  on  the  basis  of  immunoglobulin 
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type  (7G,  7A,  7M)  ajid  on  the  basis  of  their  binding  affinity  for  antigen. 

3-   To  study  the  physical  and  chemical  properties  of  these  specifically 
purified  antibody  fractions,  the  properties  of  antigen-antibody  complexes 
prepared  from  these  antibody  fractions  and  to  assess  the  effect  of  various 
types  of  antibody  heterogeneity  on  the  methods  used  to  measure  amounts  of 
antibody. 

k.      To  relate  the  physical,  immunological  and  chemical  properties  of 
antibodies  to  their  biological  properties. 

Methods  Employed; 

Antibodies  directed  against  various  haptens  such  as  the  p-azo-phenyl- 
arsonate  group  are  being  specifically  purified  by  elution  from  hapten  cellulose 
derivatives.  Antibody  fractions  of  varying  affinity  for  the  specific  hapten 
are  being  prepared  by  selective  elution  from  the  immunoadsorbei^ts .   The 
piorified  antibody  thus  obtained  is  then  further  fractionated  by  other  methods 
to  obtain  populations  of  antibody  molecules  of  more  uniform  size,  charge  or 
antigenic  characteristics. 

Improved  methods  for  the  attachment  of  protein  antigens  or  antibodies 
as  well  as  haptens  to  cellulose  derivatives  are  being  developed.  Types  of 
supporting  materials  other  than  cellulose  are  also  being  investigated.   These   ' 
materials  are  of  importence  for  the  isolation  and  characterization  of  anti- 
protein  and  anti-haprten  antibodies. 

The  antibodies  obtained  are  being  studied  by  free  boundary  electro- 
phoresis, ultracentrifugation,  equilibrium  dialysis ,  quantitative  precipitin 
methods,  determination  of  binding  characteristics  with  solid  immunoadsorbents 
and  by  other  methods . 

Major  Findings; 

The  use  of  hapten- cellulose  immunoadsorbents  for  antibody  purification 
and  the  study  of  antigen-antibody  interactions  has  been  a  central  feature  of  a 
number  of  phases  of  our  research  program.  As  indicated  in  the  previous  report 
(for  July  1966  through  June  l^G'j) ,   we  have  carried  out  a  series  of  experiments 
to  study  the  effects  of  changes  in  salt  and  pH  on  quantitative  aspects  of 
antibody  elution  from  hapten  immunoadsorbents  using  haptens  with  different 
structural  features.   It  was  found  that  a  substantial  fraction  of  antibody,  in 
the  case  of  negatively  charged  hapten  systems,  could  be  eluted  with  IM  sodium 
chloride  in  the  pH  range  of  5  to  7.   Neutral  of  positively  charged  hapten 
systems  did  not  show  this  type  of  elution  pattern.  These  studies  have  indicated 
the  dominant  importance  of  the  structure  of  the  antigenic  determinant  in 
defining  the  characteristics  of  the  antigen-antibody  interaction.  We  have  made 
use  of  this  data  and  hapten  immunoadsorbent  methods  in  our  studies  of  the  heterc 
.geneity  of  specifically  purified  antl-benzenearsonate  7M  antibodies  with  resped 
to  their  ability  to  participate  in  C'la  transfer  reactions.   The  complement 
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binding  characteristics  of  benzenearsonate  coupled  sheep  erythrocytes  that  had 
been  sensitized  with  various  fractions  of  specifically  purified  rabbit  7M 
anti-benzenearsonate  antibody  have  indicated  that  there  was  a  heterogeneity 
among  the  specifically  purified  7M  antibody  molecules  with  respect  to  their 
ability  to  fix  C'la.  The  number  of  C'la  molecules  fixed  was  only  about  20^ 
of  the  number  of  7M  antibody  molecules  bound  to  the  erythrocyte  surface. 
This  is  of  particular  interest  because  in  the  systems  previously  studied, 
human  A  isoagglutinin  and  rabbit  anti-Forssman  antibody,  all  of  the  7M  antibody 
molecules  were  found  to  be  capable  of  fixing  C'la.   In  order  to  investigate 
the  possibility  that  a  substantial  fraction  of  the  7M  antibody  molecules  had 
been  altered  by  low  pH  during  the  course  of  isolation  and  thus  rendered 
incapable  of  fixing  C'la,  we  took  advantage  of  the  possibility  of  neutral  pH 
elution  with  the  benzenearsonate  hapten  system  and  found  that  7M  antibody 
isolated  at  pH  6,  pH  3  o^:"  pH  1.5  all  showed  essentially  the  same  fraction  to 
be  capable  of  fixing  C'la.  This  indicates  that  the  heterogeneity  observed  is 
probably  to  be  found  in  the  rabbit  and  not  just  induced  during  antibody 
isolation.  Further  studies  are  being  carried  out  to  isolate  7M  antibody  from 
hyperimmune  rabbits  to  see  if  the  fraction  of  7M  antibody  molecules  capable  of 
fixing  C'la  changes  during  the  course  of  immunization.  Because  the  more 
negatively  charged  7M  antibody  molecules  have  been  found  to  be  more  reactive 
in  complement  binding,  we  are  presently  investigating  the  effect  of  antibody 
treatment  with  neuraminidase  on  these  reactions.   Specifically  purified 
rabbit  7M  antibodies  directed  against  other  haptens  (e.g.  DNP)  are  also  being 
used  to  assess  the  effect  of  hapten  structure  in  this  system. 

We  are  investigating,  by  analytical  cesium  chloride  density  gradient 
methods,  mixtures  of  antigen- antibody  complexes  prepared  with  benzenearsonate- 
bovine  serum  albumin  conjugate  antigens  and  specifically  purified  rabbit  7G 
or  >M  antibody  fractions.   The  density  of  the  cesium  chloride  solution  is 
adjusted  so  that  the  antibodies  alone  band  near  the  meniscus  and  then  an 
antigen  conjugate  is  used  with  sufficient  benzenearsonate  coupling  so  that  it 
bands  near  the  bottom  of  the  cell.  With  mixtures  of  complexes  of  different 
antigen-antibody  ratio  sharp  bands  of  complexes  may  be  found  between  the 
banding  positions  of  free  antigen  and  antibody.   It  has  also  been  observed 
that  the  buoyant  densitV  in  cesium  chloride  of  rabbit  7M  antibody  is  about 
0.03  gm/ml  higher  than  the  7G  antibody.   This  density  difference  may  be  of  use 
for  analytical  studies  of  small  amounts  of  mixtures  of  7M  and  7G  immunoglobulins 
or  for  the  preparative  separation  of  7M  from  monomer  or  aggregated  7G  immuno- 
globulins . 

Previously  we  have  reported  the  presence  of  a  low  molecular  weight 
bentonite  flocculating  antibody  fraction  found  in  rabbit  and  human  antisera 
to  endotoxins  and  rabbit  antisera  to  human  serum  albumin  (Rossen,  Wolff, 
Butler  and  Vannier,  J.  of  Immunol.  98:  T64,  19^7 ).  More  recently  we  have 
found  similar  flocculating  antibody  activity  in  a  peak  retained  longer  than 
albumin  on  Sephadex  G-200  gel  filtration  of  anti-benzenearsonate  rabbit 
antisera.   The  flocculating  activity  was  detected  by  using  bentonite  particles 
coated  with  p-azobensenearsonate-bovine  serum  albumin  in  the  usual  flocculation 
reactions.   It  has  been  found  that  this  antibody  activity  is  generally  more 
prominent  is  sera  from  the  early  stages  of  immunization  and  is  generally  absent 
in  hyperimmune  sera. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

The  general  problem  of  the  specific  purification  of  antibodies  and 
antigens  is  one  that  is  of  basic  importance  for  all  chemical  work  in  immunology. 
The  association  of  large  amounts  of  nonspecific  protein  with  antibody  compli- 
cates or  precludes  study  of  the  chemical  reactions  of  antibodies,  the  structure 
of  antibodies  or  the  physical  properties  of  antibodies- 

Studies  with  immunoadsorbents  and  specifically  purified  antibodies  are 
of  great  value  for  investigation  of  antibody  heterogeneity  and  the  relation 
between  antibody  structure  and  the  complex  role  of  antibodies  in  biological 
and  clinical  processes.   They  are  also  of  importance  for  the  study  of  the 
nature  of  the  mechanisms  involved  in  antigen-antibody  interactions. 

Proposed  Co\irse  of  Project; 

The  work  will  be  continued  from  the  Department  of  Biochemistry  of  the 
University  of  Southern  California  School  of  Medicine  In  Los  Angeles  with 
continued  collaboration  with  the  various  investigators  previously  involved 

in  so  far  as  this  is  possible. 

Project  Subtitle  II:   The  Chemilstry  of  Skin  Sensitizing  Antibodies. 

Objectives; 

To  study  the  physical,  chemical,  immunochemical  and  biological 
properties  of  skin  sensitizing  antibodies  present  in  the  sera  of  individuals 
with  atopic  allergies. 


Methods  Employed; 


i 


Sera  from  suitably  selected  allergic  individuals  are  fractionated  by 
chromatographic,  electrophoretic  and  ultracentrifuge  methods  ajid  by  use  of 
immunoadsorbents  prepared  with  specific  antibodies  to  various  serum  components. 
The  fractions  are  examined  by  a  variety  of  chemical,  physical  and  immunological 
methods  and  assayed  for  skin  sensitizing  antibody  activity  by  passive  transfer 
skin  reactions  in  normal  human  volunteers. 

■  Because  of  administrative  problems  and  limitations  in  the  number  of 
normal  human  volunteers  available  for  passive  transfer  studies,  rabbit  skin 
sensitizing  antibodies,  reactive  in  normal  rabbit  skin,  have  been  studied 
during  the  past  year  by  Dr.  Alexander  Lawton  in  our  laboratory. 

Major  Findings: 

Rabbit  skin  sensitizing  antibody,  developed  dioring  the  early  stages  of 
immunization  with  bovine  serum  albumin,  appears  not  to  be  in  the  7G,  7M  or 
7A  immunoglobulin  class.   Specifically  purified  anti-BSA  was  ob-^ained,  from 
early  immunization  antisera,  by  the  use  of  BSA-cellulose  derivatives  for 
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specific  antibody  purification.  The  specifically  purified  antibody  was 
fractionated,  to  obtain  as  pure  a  fraction  with  high  skin  sensitizing  antibody 
reactivity  in  rabbit  skin  as  possible,  by  the  use  of  Sephadex  G-200  gel 
filtration,  DEAE  ion  exchange  chromatography  and  finally  purified  by  absorption 
with  specifically  purified  goat  anti-rabbit  Fc  (7G)  fragment.  Excess  goat 
antibody  and  soluble  complexes  were  removed  by  absorption  with  a  cellulose- 
rabbit  7G  immunoglobulin  insoluble  immunoadsorbent . 

The  active  fraction  contained  no  yG,   yM.  or  yA  by  direct  test.  On 
immunization  of  guinea  pigs  with  this  ma^terial  the  antibodies  produced  formed 
a  single  precipitin  line  with  specifically  purified  anti-BSA.  The  line  was 
shown  not  to  be  a  yG,   yM.  or  yA   immunoglobulin  and  to  bind  radiolabeled  BSA 
by  radioimmunoelectrophoresis.  This  suggests  that  there  may  be  a  7E  analog 
in  the  rabbit. 

Attempts  to  use  the  guinea  pig  antiserum  to  absorb. the  rabbit  antiserum 
skin  sensitizing  antibody  activity  have  not  been  successful.  The  antisera 
alone  produces  reactions  in  rabbit  skin,  while  normal  guinea  pig  serum. does 
not.  This  may  be  an  analogous  observation  to  that  recently  obtained  by 
I)r.  Ighizaka  (Fed.  Eroc.  27:  36I,  I968,  Abstract  No.  565)  that  rabbit  or 
guinea  pig  anti-human  7E  immunoglobulin  produces  skin  reactions  on  intradermal 
injection  in  humans.  This  is  presumed  to  be  due  to  a  reaction  of  the  anti- 
7E  with  7E  immunoglobulin  localized  in  tissues. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

The  properties  of  the  skin  sensitizing  ajitibodies  of  atopic  allergy 
are  fundamental  to  an  understanding  of  allergy  in  man.  li  is  hoped  that  it 
will  be  possible  to  delineate  the  structural  features  of  antibodies  necessary 
for  participation  in  hypersensitivity  reactions. 

Proposed  Course  of  Project; 

Some  of  these  studies  will  be  continued  by  Dr.  Alexander  Lawton  in 
association  with  Dr.  Rose  Mage  and  Dr.  Ralph  Reisfeld  of  LI,  NIAID  and 
Dr.  John  Johnson,  LCI,  NIAID.  Some  of  the  work  will  be  continued  from  the 
Department  of  Biochemistry  of  the  University  of  Southern  California  School 
of  Medicine  in  Los  Angeles  with  the  continued  collaboration  with  the  various 
investigators  previously  involved  in  so  far  as  this  is  possible. 

Publications: 


Hoyer,  Leon  W. ,  Vannier,  Wilton  E.  and  Renfer,  Lois:  Antibody  elution 
from  hapten-cellulose  immunoadsorbents:  The  effects  of  hapten  structure, 
pH  and  salt  concentration.  Immunochemistry  in  press. 

Hoyer,  Leon  W. ,  Borsos,  Tibor,  Rapp,  Herbert  J.  and  Vannier,  Wilton  E. : 
Heterogeneity  of  rabbit  IgM  antibody  as  detected  by  C'la  fixation. 
Journal  of  Experimental  Medicine  127:  589^  I968. 
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Summary  Statement 

Rocky  Mountain  Laboratory,  NIAID 

Hamilton,  Montana 

July  1,  1967  through  June  3O,  1968 


The  research  program  at  RML  has  proceeded  along  guidelines 
established  several  years  ago  under  the  "dual  mission"  concept.  It  was 
indeed  gratifying  to  learn  that,  with  few  exceptions,  the  Board  of 
Scientific  Counselors,  in  their  review  of  May  1967,  approved  of  the 
scope  and  nature  of  projects  and  the  support  given  various  segments . 
Though  progress  in  biomedical  research  is  difficult  to  evaluate 
objectively,  several  contributions  this  year  seem  highly  significant. 
The  demonstration  that  the  virus  of  chronic  interstitial  pneumonitis 
replicates  in  tissue  culture  should  enable  more  basic  studies  in  the 
virology  of  this  and  other  slow  viral  diseases.  Further  research  on 
tuberculosis  cell  wall  vaccines,  particularly  the  protection  afforded 
monkeys,  continues  to  be  encouraging.  Equally  important  were  the  results 
obtained  with  a  newly  developed  method  of  separating  lipids  by  centrifugal 
chromatography  through  an  enclosed  silica  gel  system.  So  far,  the 
resolution  achieved  by  this  method  grossly  exceeds  that  of  any  other 
available . 

As  in  the  past,  our  research  has  involved  collaboration  between 
resident  staff  and  many  of  outside  institutions.  In  a  joint  effort, 
Dr.  Ribi  and  Dr.  Kellogg,  NCDC,  fractionated  and  identified  some  of  the 
active  antigens  of  Neisseria  gonorrhoeae.  Dr.  Ribi  also  has  worked 
closely  with  Dr.  W.  Barclay,  University  of  Chicago,  on  research  on 
tuberculosis.  Dr.  Ormsbee's  research  on  rickettsial  diseases  represents 
extensi,ve  collaboration  with  Drs .  P.  Fiset  and  C.  Wisseman,  University  of 
Maryland,  and  I.Z.E.  Imam,  Vaccine  and  Serum  Institute,  Cairo,  Egypt, 
Dr.  Clifford  and  Dr.  D.  Sonenshlne  are  combining  their  talents  on  two 
projects,  the  taxonomy  of  Ixodes  of  the  Western  Hemisphere  and  the  ecology 
of  Rickettsia  rickettsi  in  eastern  United  States.  Dr.  Kohls'  taxonomic 
studies  on  ticks  involve  extensive  collaboration  with  Dr.  H.  Hoogstraal, 
NAMRU-3,  Cairo,  Egypt.  The  foregoing  are  major  examples  of  combined 
efforts  with  54  cooperating  -units  cited  in  project  reports . 


Summary  Statement  -  RML/NIAID  (Contd.) 

The  steady  rise  in  the  scientific  stature  of  the  laboratory  is 
reflected  by  the  large  number  of  guest  workers  and  visitors  received,  by 
the  invitations  staff  received  for  presenting  lectures  and  participating 
in  symposia,  and  by  their  distinguished  service  in  professional  affairs 
outside  the  institution.  Staff  members  served  as  preceptors  to  6  excep- 
tionally capable  high  school  students  awarded  fellowships  by  the  American 
Cancer  Society,  3  COSTEP  officers,  2  predoctoral  fellows  and  1  postdoctoral 
fellow.   During  the  year  29  native  and  9  foreign  scientists  visited  the 
laboratory  to  secure  information  or  consult  with  staff.  Eight  guest  workers 
(3  foreign)  were  afforded  the  privilege  of  short-term  research  or  special 
training . 

Two  of  our  staff  were  recipients  of  special  Service  awards . 
Dr.  Carl  Eklund  was  awarded  the  Distinguished  Service  Medal  for  pioneering 
research  in  "slow  viruses"  and  Dr.  C.  B.  Philip  received  the  DHEW  Superior 
Service  Award  for  a  distinguished  career  in  medical  entomology.  Six  of 
our  staff,  Drs.  J.  F.  Bell,  Ormsbee,  C.  B.  Philip,  Milner,  Rudbach,  and 
Stoenner  are  currently  faculty  affiliates  at  the  University  of  Montana. 
Drs.  Ormsbee,  E.  J.  Bell,  and  Burgdorfer  hold  current  appointments  as 
associate  members  of  the  Commission  on  Rickettsial  Diseases  of  the  Armed 
Forces  Epidemiological  Board,  and  Dr.  C.  B.  Philip  has  given  continued 
service  on  the  DOD  Deseret  Test  Center  Medical  Advisory  Committee  and  the 
Judicial  Commission  of  the  International  Committee  on  Bacteriological 
Nomenclature.  A  significant  proportion  of  Dr.  Ribi's  time  is  spent  in 
work  of  the  Leprosy-Tuberculosis  Review  Committee  of  the  Division  of 
Research  Grants  and  the  Tuberculosis  Panel  of  the  U.S. -Japan  Cooperative 
Medical  Science  Program.  Six  of  our  senior  staff  serve  in  editorial  or 
review  capacities  to  major  scientific  journals.  Sixteen  of  our  staff 
presented,  by  special  invitation,  21  lectures  at  universities  and/or  they 
participated  in  12  symposia  on  various  subjects. 

A  number  of  personnel  changes  during  the  year  are  noteworthy. 
Dr.  Carl  M.  Eklund  retired  December  31,  1967,  from  his  position  as  Head, 
Arbo  and  Chronic  Viral  Diseases  Section,  after  22  years  of  commissioned 
service.  Mr.  N.  J.  Kramis,  Head,  Graphic  Arts  Unit,  retired  April  11,  1968, 
after  37  years  of  service.  Mr,  Charles  Taylor  has  been  recruited  to  serve 
as  the  unit's  new  head.  Dr.  Howard  Whitford,  who  entered  on  duty 
February  8,  1968,  will  replace  Dr.  Terry  Jackson  when  he  resigns  his 
appointment  in  the  Comparative  Pathology  Section  June  30>  1968,  Dr.  J. 
Munoz  returned  July  9,  1967,  from  his  assignment  at  the  Pasteur  Institute, 
Paris,  and  Dr,  J,  F,  Bell  departed  Hamilton  September  28,  1968,  for  his 
assignment  at  PAHO  Zoonoses  Research  Center,  Buenos  Aires,  Argentina,  where 
he  will  imdertake  studies  on  the  epidemiology  of  rabies.  Dr.  Donald  Lodmell 
was  recruited  September  11,  1968,  for  the  Allergy  and  Immunology  Section  to 
bolster  their  investigations  on  the  immunology  of  slow  viral  diseases.  Two 
of  our  staff  were  lost  through  death:  Dr.  Gordon  Clark,  June  20,  1967, 
and  Mr.  Zeb  Smith,  December  12,  1967. 
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The  following  sections  are  concerned  with  highlights  of  our 
research  program  which,  in  part,  has  been  reported  in  50  publications . 

Rickettsial  diseases.  In  Dr.  Ormsbee's  research  on  Q  fever  he  gave 
most  attention  to  certain  immunological  problems  associated  with  phase  of 
the  organism  and  the  development  of  a  safe  vaccine.  In  hyperimmune  guinea 
pig  serum,  the  7  S  gamma  2  globulin  fraction  was  shown  to  contain  the  bulk 
of  agglutinins  and  complement-fixing  and  neutralizing  antibodies,  vifhereas 
the  fast  7  S  gamma  1  contained  all  the  antibody  active  in  passive 
cutaneous  anaphylaxis  (PCA).  The  7  S  gamma  2  also  had  a  PGA  inhibitor 
which  had  to  be  separated  from  7  S  gamma  1  before  PCA  was  expressed.  In 
a  comparative  study  of  antibody  production  in  guinea  pigs  he  found  that 
phase  I  and  II  antibodies,  stimulated  by  phase  I  killed  antigen  or  living 
organisms,  appeared  as  soon  as,  reached  higher  titers,  and  persisted 
longer  than  did  antibodies  stimulated  by  corresponding  phase  II 
preparations . 

Additional  data  secured  by  the  AFEB  Commission  on  Rickettsial 
Diseases  showed  that  1%   of  180  volunteers  given  30  |jg  phase  I  antigen 
developed  significant  titers  and  that  65/S  of  those  given  20  [jg  antigen  did 
so  too.  A  third  of  Z^0  volunteers  vaccinated  1  to  2  years  before  and  given 
a  booster  dose  in  1967  developed  induration  at  the  site  of  inoculation, 
but  without  serious  complications . 

Dr.  C.  B.  Philip  and  Dr.  Ormsbee  have  continued  their  collaborative 
investigations  with  NAMRU-3  and  Dr.  Imam  on  the  epidemiology  of  typhus  in 
Egypt.  Though  Dr.  Imam  has  continued  to  find  serologic  evidence  of  typhus 
infection  among  livestock,  he  has  not  been  able  to  isolate  typh\is 
rlckettsias  from  such  sources.  As  judged  by  the  development  of  long 
persisting  antibodies,  goats,  sheep  and  donkeys  inoculated  experimentally 
are  susceptible,  but  attempts  to  recover  Rickettsia  prov/azeki  from  them 
have  failed  too.  From  studies  made  so  far,  it  does  not  appear  that  rodents 
or  ticks  are  involved  in  the  ecology  of  typhus  in  Egypt.  Experimentally, 
Dr.  Burgdorfer  was  unable  to  infect  Dermacentor  andersoni.  Hvalomma 
dromedarii.  or  3  species  of  Omithodoros  with  R.  -prowazeki :  however,  other 
species  may  be  involved  in  the  natural  situation  in  Egypt  and  Ethiopia. 

Continued  studies  by  Dr.  E.J.  Bell  have  been  made  on  strains  of 
spotted  fever  group  rickettsias  isolated  from  various  tick  species  in 
nature'.  Six  strains  from  D.  occidentalis  caused  mild  disease  in  guinea 
pigs  and  could  be  passaged  serially  in  guinea  pigs.  Though  classed  as  mild 
strains,  they  v/ere  different  from  "eastern  Montana"  or  western  Montana  "U" 
strains.  Two  strains  isolated  for  the  first  time  from  Ixodes  pacificus 
resemble  the  nonpathogenic  strains  isolated  from  D,  variabilis  in  eastern 
Montana.  These  2  strains  cross  reacted  in  the  CF  test  with  typical 
R.  rickettsi.  but  not  in  the  toxin-neutralization  test. 
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In  a  collaborative  study  v/ith  Dr.  Sonenshine,  Dr.  Clifford 
recovered  8  strains  from  Ixodes  dentatus .  X.  cookei.  X.  bmmetis .  and 
Haemaphvs alls  leuorispaliistris  (Hip).  Unlike  strains  of  R.  rickettsi 
usually  isolated  from  Hip  ticks,  this  strain  was  similar  to  the  virulent 
type  found  in  D .  variabilis  in  eastern  United  States . 

In  further  studies  of  R.  Canada  by  Dr.  Burgdorfer,  his  data 
indicate  that  birds  are  likely  involved  in  the  ecology  of  this  organism 
in  nature.  Rabbits  and  hares  did  not  develop  a  rickettsemia,  but 
pheasants  and  chickens  did,  the  latter  with  sufficient  rickettsias  to 
infect  D.  andersoni  and  Hip  ticks.  The  former  tick  carried  the  organism 
trans s tad i ally  and  transovarially  whereas  Hip  ticks  only  maintained  it 
trans s tad i ally . 

Encephalitis  and  tick-borne  viruses .  Dr.  Thomas  has  been 
collaborating  v/ith  Dr.  Althea  Burton  in  a  project  designed  to  clarify  the 
current  controversy  about  the  role  of  cold-blooded  vertebrates  in  the 
overwintering  of  WEE  virus  in  nature.  So  far,  all  attempts  to  recover 
virus  from  l60  leopard  frogs  (some  collected  in  the  endemic  area  in 
Canada)  have  failed. 

During  the  year  preceding  the  close-out  of  the  study  in  Vale, 
Oregon,  Mr.  Rush  observed  much  greater  activity  of  SLE  virus  than  WEE 
virus,  a  situation  seen  there  before  in  1962.  As  determined  by  the 
appearance  of  antibodies  in  sentinel  pigeons,  viral  activity  of  both  began 
about  mid- July.  However,  all  attem.pts  to  isolate  virus  from  nestling  or 
adult  birds  or  their  eggs  taken  during  summer  failed. 

The  collaborative  study  on  tick-borne  viruses  initiated  last  year 
by  Drs .  Clifford,  Yunker,  and  Clark  was  necessarily  modified  by  Dr.  Clark's 
untimely  death.  A  search  was  made  for  Powassan  virus  in  hard-shelled 
ticks  collected  principally  in  Oregon,  but  none  was  foimd.  However, 
Colorado  tick  fever  virus  v/as  isolated  from  D.  andersoni  and  D.  occidentalis 
and  .an  RMSF  group  rickettsia  vras  recovered  for  the  first  time  from  Ixodes 
•pacificus.  From  Argas  coolevi  and  Ixodes  howelli  collected  at  the  same 
time  in  western  Montana  an  apparently  new  virus  was  recovered. 

In  further  studies  on  the  identity  and  biology  of  L,   soft-tick 
viruses  isolated  in  1966,  one  from  Omithodoros  caiaensis  from  Midway  Island 
was  classified  as  Nyamanini  virus.  Viremia  experiments  with  Johnston  Atoll 
(Quaranfil)  and  Hughes  virus  were  performed  in  sooty  and  noddy  terns, 
which  are  thought  to  be  involved  in  the  natural  ecology  of  these  agents. 
Both  kinds  of  terns  developed  extensive  viremia  with  Hughes  virus,  but         ■ 
only  brief  and  lov/- level  viremia  ¥d.th  the  Quaranfil  virus  .  ^ 
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In  a  study  of  host-preference  for  preimaginal  ticks,  Dr.  Yimker 
and  Dr.  Rudbach  have  been  able  to  detect  specific  host  proteins  in  flat 
adult  ticks  for  129  days  after  feeding  (109  days  after  molting).  This 
technique  is  being  applied  to  determine  host -preference  of  ticks  in  nature 
as  such  findings  may  be  u^ed  to  identify  sources  of  viruses  recovered  from 
naturally  infected  ticks.  In  a  related  study,  they  have  devised  a  means 
of  radiolabeling  adult  female  ticks,  whose  progeny  carry  sufficient  tracer 
isotope  for  identification.  With  such  radioactive  larval  ticks  both  range 
of  activity  and  density  of  natural  populations  were  estimated  in  a  1.8  acre 
study  plot  west  of  Hamilton. 

Biology  of  pathogens  in  arthropods .  Research  on  Antheraea  tissue 
cultures,  chiefly  on  a  line  adapted  to  grow  in  the  absence  of  insect 
hemolymph,  has  been  continued  by  Dr.  Yunker.  Besides  20  arboviruses  used 
last  year,  14  additional  ones  have  been  tested  for  their  ability  to 
replicate  in  these  cells.  Groups  A,  C,  and  Tacaribe  failed  to  grow,  but 
Bunyamwera,  2  members  of  the  California  group,  17 -D  yellow  fever,  and 
Cache  Valley  survived  or  propagated,  the  last  two  to  6.0  and  4.5  logs, 
respectively,  above  amounts  inoculated.  In  a  preliminary  trial,  this  line 
of  cells  also  supported  growth  of  Coxiella  bumeti .  Percentage  of  infected 
cells  increased  from  less  than  0.5^  at  3  weeks  to  over  99^  at  11  weeks  after 
inoculation.  Infection  was  tolerated  well,  for,  even  when  nearly  all  cells 
had  been  invaded,  the  culture  was  not  destroyed. 

In  Dr.  Burgdorfer's  studies  on  the  behavior  of  Rickettsia  prowazeki 
in  ticks,  he  noted  that  fluorescent-stained  smears  of  intracoelomically 
inoculated  ticks  contained  extracellular  rickettsias  with  flagellimi-like 
extensions.  These  structures  were  seen  also  in  smears  of  infected  yolk 
sacs.  Their  significance  has  not  been  fully  determined,  but  the  findings 
suggest  a  developmental  cycle  more  complicated  than  generally  assumed. 

In  further  evaluation  of  the  role  of  " trans ovarial"  transmission 
in  the  maintenance  of  R.  rickettsia  in  nature,  he  found  that  Hip  would 
transmit  the  virulent  type  to  its  progeny  in  3  generations  so  far  tested, 
but  not  as  regularly  as  it  did  the  avirulent  Hip  strains  of  this  rickettsia. 

Host-ectoparasite  relationships.  Dr.  Clifford  and  Mr.  Reeves 
(COSTEP)  attempted  to  increase  the  resistance  of  mice  to  louse  infestation 
by  vaccination  with  suspensions  of  lice  disrupted  in  a  Ribi  fractionator 
to  a  particle  size  of  about  500  A.  Resistance  was  not  altered,  but  serums 
of  vaccinated  mice  agglutinated  sheep  erythrocytes  sensitized  with  louse 
extract.  At  least  4  different  antigens  were  detected  in  antiserums  of 
rabbits  l^rperiramunized  with  the  crude  louse  extract. 
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Svstematics  of  arthropods .  The  niimber  of  requests  received  by 
Drs .  C.  B.  Philip,  Kohls ^  and  Brennan  from  outside  scientists  for 
taxonomic  determinations  of  mites ^  ticks  and  tabanids  was  comparable  to 
that  of  the  previo\is  year.  Descriptions  of  5  new  species  of  ticks,  11  of 
mites,  and  48  of  tabanids  were  published  or  in  press.  In  further  work  on 
the  Argas  persicus  complex,  3  species  in  the  United  States  and  a  foiirth 
in  the  Neotropics  were  separated  and  characterized.  These  findings  may 
well  apply  to  vector  relationships  in  diseases  such  as  fowl  spirochaetoses . 

More  significant  among  many  collaborative  studies  on  taxonomy  are 
those  with  Dr.  Sonenshine  of  Old  Dominion  College,  Norfolk,  Virginia,  and 
Dr.  Harry  Hoogstraal,  NMRU-3,  Cairo,  Egypt,  on  the  Ixodes  of  the  Western 
Hemisphere  and  the  world  species  of  Haemaphvs alis .  With  PL  4.8O  support, 
a  comprehensive  bibliography  on  ticks  and  disease  comprising  over  100,000 
titles  has  been  prepared  and  mil  be  published  next  year  under  an 
agreement  with  the  University  of  Maryland  and  the  National  Library  of 
Medicine . 

Zoonoses  of  regional  importance .  Dr.  Robert  Philip  and  Miss  Casper 
have  evaluated  the  skin  test  as  a  tool  for  epidemiologic  studies  of 
tularemia.  The  study  was  conducted  in  Garfield  County,  Montana,  where  the 
disease  is  prevalent  and  is  usually  associated  with  sheep  and  ticks.  Of 
365  volimteers  (18^  of  the  county  population)  24-  (7^)  were  reactors.  The 
highest  infection  rate  was  found  among  adult  males  occupationally  exposed 
to  sheep.  Because  of  this  hazard.  Dr.  Owen  attempted  to  test  in  sheep 
the  efficacy  of  an  attenuated  live  vaccine  prepared  from  Ri:issian  15  R 
strain,  but  control  sheep  unexposed  to  adverse  weather  or  heavy  tick  loads 
were  not  susceptible. 

In  continued  studies  by  Dr.  Owen  on  the  biology  of  Franc is e 11a 
tularensis  she  has  isolated  free  sulfhydryl  groups  from  extracts  of  mud 
and  leaf  mold  which  serve  as  substitutes  for  cysteine  in  artificial 
medium.  During  6  years  of  study  on  one  stream  31%   of  specimens  have 
yielded  the  organism,  chiefly  during  cooler  periods  of  the  year. 

In  previous  studies,  Drs.  Bell  and  Lodmell  have  shown  a  temporal 
relationship  between  the  appearance  of  a  brain  neutralizing  activity  and 
loss  of  virus  in  mice  that  aborted  clinical  rabies  infection.  They  showed 
by  immimoelectrophoretic  and  neutralization  tests  that  this  substance  is 
a  rabies-specific  gamma  globulin,  whose  titer  in  the  brain  reaches  levels 
comparable  to  those  in  serum  when  actual  infection  occurs.  Dr.  J.  F.  Bell 
is  presently  using  this  criterion  in  determining  the  occurrence  of 
abortive  rabies  among  naturally  infected  dogs  in  Argentina. 
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Psittacosis-l-ymTJhogranuloma-trachoma  groiip .  Dr.  R.  Philip  and 
Dr.  Gerloff  have  continued  their  research  on  the  immunology  of  these 
diseases  and  the  Interrelationships  among  their  causative  agents.  When 
serums  from  lymphogranuloma  venereum  (LGV)  patients  were  tested  by 
indirect  immunofluorescence  against  type-specific  chlamydial  antigens, 
these  serums  reacted  with  trachoma-inclus ion-conjunctivitis  (TRIG)  antigens 
•  in  titers  from  1:8  to  1:512  hut  gave  little  or  no  reaction  with  the  33L 
strain  of  LGV  or  meningopneumonitis  antigens.  Serums  from  trachoma  or 
psittacosis  patients  generally  were  not  reactive  with  any  of  these  antigens. 
These  results  are  similar  to  those  obtained  earlier  in  CF  tests. 

The  ability  of  TRIG  strains  to  multiply  in  the  mouse  was  investigated 
further.  A  laboratory-adapted  (fast)  TRIG  strain  (TE-55)  was  shown  to 
multiply  in  the  spleen  and  probably  also  in  the  brain  after  intravenous 
inoculation.  Peak  titers  of  approximately  10^  ELD^q  were  fo-und  in  the 
spleen  between  the  2nd  and  7th  days  and  considerable  infectivity  was  still 
present  on  the  14-th  day.  In  contrast,  definite  multiplication  of  a 
nonadapted  (slow)  TRIG  strain  (TW-3)  could  not  be  demonstrated  after 
intravenous  inoculation. 

Studies  of  the  immunologic  relationship  betv/een  LGV  and  TRIG 
chlamydiae  in  mice  were  continued.  Although  the  JH  strain  of  LGV  is 
indistinguishable  from  fast  TRIG  strains  (TE-55  and  MRG-I/G)  in  cross- 
protection  and  cross-neutralization  tests,  the  33L  strain  of  LGV  resembles 
meningopneumonitis  and  ornithosis  chlamydiae  more  closely  than  it  does  the 
JH  strain.  Six  of  17  LGV-patient  serums  obtained  in  the  District  of 
Golumbia  had  neutralizing  activity  against  JH,  TE-55  and  MRG-l/G  chlamydiae 
but  not  against  the  33^  strain.  Several  of  17  trachoma-patient  serums  also 
gave  minimal  protection  against  all  but  the  33L  strain.  These  results  are 
additional  evidence  that  LGV  and  trachoma  may  be  immunologically  related. 
Whether  or  not  antigenically  diverse  strains  are  causally  responsible  for 
LGV  remains  to  be  deteraiined .  New  isolations  and  their  antigenic 
characterization  are  urgently  needed. 

The  toxicity  of  various  chlamydiae  in  relationship  to  infectivity 
was  investigated  in  mo-use  L  cell  cultures .  Preliminary  observations 
suggest  that  chlamydiae  from  vario-us  sources  may  be  grouped  according  to 
the  margin  between  a  dose  which  will  infect  all  cells  and  a  large  one 
which, has  a  toxic  effect.  As  noted  by  others  using  different  experimental 
systems,  toxicity  seems  to  be  inseparable  from  intact  elementary  bodies. 

The  radioisotope  precipitation  (RIP)  test  for  chlamydial  antibody 
has  been  refined.  Heretofore  a  low-level  of  nonspecific  precipitation 
has  been  troublesome .  It  was  f  o\ind  that  minute  amounts  of  chlamydial 
antibody  in  bovine  serum  used  for  cultivating  the  meningopneumonitis  agent 
sensitized  radiolabeled  particles  to  the  extent  that  they  were  non- 
specifically  sedimented  when  antiglobulin  was  added  to  the  system.  This 
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difficulty  has  apparently  been  eliminated  by  harvesting  raeningopneumonitis 
particles  at  ^2-46  hours  when  inclusions  are  largely  intact.  The  labeled 
intracellular  elementary  bodies,  not  exposed  to  beef  serum,  are  then 
released  by  sonic  disruption  of  intact  cells.  Addition  of  0.5%   lactalbumin 
hydrolysate  to  phosphate -free  Eagle's  medium  used  in  p32_iabeling  has 
improved  growth  of  meningopneumonitis  chlamydiae  and  has  increased  the 
tolerance  of  cells  to  higher  concentrations  of  P32  during  the  labeling 
process.  With  increased  uptake  of  P32  and  the  reduction  in  nonspecific 
precipitation  the  sensitivity  of  the  RIP  test  has  been  distinctly  improved. 
Eighty  to  85%   of  tagged  antigen  is  precipitable  by  immune  serum  as  compared 
to  only  0-10^  by  nonimmune  senmi. 

A  comparison  of  the  RIP  test  with  the  complement  fixation, 
neutralization,  and  indirect  immunofluorescence  tests  showed  that  the  RIP 
test  was  the  most  sensitive  procedure  for  detecting  antibodies  in  serums 
of  LGV  and  trachom.a  patients.  As  measured  by  all  procedures,  antibody 
response  in  trachoma  v/as  less  than  in  LGV. 

As  a  supplement  to  previous  investigations  on  DNA  homologies  among 
chlamydiae,  melting  point  determinations  are  being  made  on  DNA  preparations 
from  TRIG  and  non-TRIC  organisms.  The  percentages  of  guanosine  plus 
cytosine  in  the  nucleic  acids  can  be  calculated  from  melting  points.  These 
values  are  useful  for  taxonomic  purposes ,  Data  thus  far  support  the  pro- 
posal for  two  species  (C.  psittaci  and  C.  trachomatis)  within  the  genus 
Chlamydia. 

Further  work  is  underway  to  characterize  the  strain  26  chlamydia 
indigenous  to  the  RML  colony  v/hich  was  isolated  several  years  ago  during 
serial  intraperitoneal  passages  of  mouse  liver  and  spleen.   In  its  spectriim 
of  pathogenicity  for  mice,  behavior  in  L  cell  culture  and  sulfadiazine 
sensitivity,  strain  26  differs  from  the  Nigg  and  deBurgh  strains  of  mouse 
pneumonitis , 

Endotoxins.  A  novel  approach  has  been  employed  successfully  by 
Dr.  Rudbach  and  Dr.  Milner  to  identify  the  proteins  which  bind  to  endotoxin 
(ET)  during  its  inactivation  by  normal  human  plasma.  It  was  foixnd  that  a 
globulin  which  migrates  electrophoretically  in  the  ^-^^   region  and  another 
more  electronegative  protein  were  consistently  bound  to  ET  during 
inactivation  by  human  plasma. 

A  heretofore  undescribed  factor  which  would  bind  to  surfactant- 
dissociated  endotoxin  was  found  in  the  protoplasm  of  selected  enterobacterial 
strains .  The  capacity  of  this  factor  to  mask  biological  activity  of  ET 
might  account  for  the  observation  that  10  times  more  ET  could  be  extracted 
from  enterobacterial  protoplasms  than  was  originally  demonstrable  in  the 
preparations. 
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The  mechanism  by  which  rabbits  became  tolerant  to  the  pyrogenicity 
of  endotoxin  was  partially  elucidated.  Tolerance,  as  usually  induced  by 
multiple  injections  of  ET,  results  from  both  a  modification  of  the  rabbits' 
physiology  and  from  the  production  of  specific  0-antibodies .  These  two 
mechanisms  could  be  distinguished  by  inducing  tolerance  with  one  or  with 
multiple  injections  of  ET.   It  was  shown  that  although  tolerance  was 
demonstrable  24  hours  after  a  single  injection  of  ET,  it  could  be  trans- 
ferred passively  only  by  specific  0-antibodies  which  arose  several  days 
later.  The  recognition  of  the  dual  nature  of  pyrogenic  tolerance 
reconciled  conflicting  reports  on  its  mechanism. 

Two  separate  studies  on  the  physicochemical  basis  of  toxicity  of 
ET  have  shown  that  biological  activity  could  not  be  correlated  directly 
with  lipoidal  portions  of  the  molecule .  It  was  shown  that  alkaline 
hydrolysis  of  ET  was  accelerated  greatly  in  the  presence  of  organic  solvents, 
but  no  correlation  existed  between  decrease  in  fatty  acid  esters  and 
toxicity.  The  resultant  alkaline -degraded  product  was  still  a  macromolecule 
with  a  molecular  weight  of  600,000.  Also,  biological  activity  could  not 
be  correlated  with  the  glycolipid  fraction  of  ET  from  heptose-less  mutants 
of  enterobacteria .  The  presence  of  hydrophilic  material  appeared  to  be 
necessary  for  toxicity.  The  demonstration  of  hybrid  formation  between  ET 
mediated  through  surface  active  agents,  the  results  of  the  alkaline 

hydrolysis  of  ET  in  organic  solvents,  and  studies  on  glyeolipids  of  ET 
from  mutant  bacteria  point  to  lipid  as  establishing  conformational  stability 
to  the  ET  molecule. 

Tuberculosis .   In  continued  research  on  this  subject.  Dr.  Anacker 
and  Dr.  Ribi  have  directed  much  of  their  efforts  toward  isolating  and 
identifying  the  immunogen  in  BCG  cell  wall  vaccine .  Last  year  they  found 
that  a  chloroform  extract  of  BCG  protected  mice,  but  the  remaining  cell 
wall  residue  was  inactive.  Closer  scrutiny  of  chloroform  extract  revealed 
cell  wall  fragments .  When  an  extract  free  of  cell  wall  fragments  was 
tested,  no  protection  was  afforded.  However,  when  an  inactive  chloroform 
extract  and  the  inactive  cell  wall  residue  were  recombined,  the  resulting 
product  was  highly  protective .  According  to  thin-layer  and  centrifugal 
chromatography,  the  chloroform  extract  contains  at  least  four  components, 
but  the  active  one(s)  has  not  been  identified.  Detergents,  such  as  sodium 
docecyl  sulfate  and  sodium  deoxycholate,  are  able  to  extract  active  material 
from  cell  walls,  and  lipase  and  alkali  inactivate  BCG  cell  walls.  These 
findings  indicate  that  a  lipid  or  fatty  acid  is  an  essential  component  of 
the  cell  wall  vaccine . 

During  further  inquiry  into  the  mode  of  action  of  cell  wall  vaccines 
and  the  immune  response  stimulated  by  this  vaccine,  they  found  that  immunity 
could  not  be  passively  transferred  with  lymph  node,  spleen,  or  lung  cells. 
Immunity  produced  in  splenectomized  mice  was  comparable  to  that  induced 
in  normal  mice.  In  evaluating  the  effect  of  age  on  immune  response,  they 
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found  that  the  ability  to  respond  maximally  was  attained  between  14-  and 
28  days  of  age .  The  results  of  further  studies  on  route  of  vaccination 
confirm  previous  'findings  that  the  intravenous  injection  of  oil-treated 
cell  walls  is  most  effective.  No  protection  was  afforded  mice  given  6 
intradermal  or  subcutaneous  injections  of  oil-treated  cell  walls  or  2 
footpad  or  subcutaneous  injections  of  cell  Y/alls  in  Freund's  adjuvant,  all 
given  within  a  3-week  period.  So  far,  5  different  strains  of  mice  have 
not  varied  in  their  response  to  the  vaccine.  Delayed  hypersensitivity, 
as  shown  with  PPD  injected  into  the  footpad,  did  not  correlate  with 
protection. 

The  granulomatous  response  in  the  lungs  of  vaccinated  mice  discovered 
last  year  is  still  a  matter  of  concern.  This  response  was  seen  only  in 
mice  vaccinated  intravenously  and  the  extent  of  this  response  generally 
correlated  with  resistance .  Cortisone  acetate  did  not  alter  this  response 
nor  did  it  change  the  immune  response .  Methotrexate  and  busulphan  did 
inhibit  the  response,  but  the  effect  of  these  drugs  on  immunity  has  not 
been  determined.  No  success  was  achieved  in  reducing  this  response  in 
mice  by  prior  neonatal  exposure  to  BCG,  cell  walls,  or  protoplasm.  When 
given  cell  wall  vaccine  at  3  weeks  of  age,  pre-sensitized  mice  had  a 
greater  reaction  than  those  given  saline  at  birth.  It  has  been  presumed 
that  mononuclear  cells  in  the  granuloma  are  involved  in  the  immune  response 
and  that  they  would  phagocytize  cell  wall  fragments,  but  they  did  not 
actively  engulf  carbon  particles  injected  intravenously.  However,  the 
concentration  of  lysozyme  in  alveolar  macrophages  of  rabbits  inoculated 
intravenously  with  cell  wall  vaccine  was  about  twice  that  of  controls. 
This  substance  may  account  for  the  increased  resistance  of  BCG-  and  cell 
wall-vaccinated  mice  to  a  heterologous  challenge  with  listeria  monocytogenes . 

Dr.  Tarmina  has  made  some  preliminary  comparisons  of  histopathologic 
changes  induced  in  cell  wall-vaccinated  and  normal  mice  after  aerosol 
challenge.  In  the  vaccinated  mouse,  the  granulomatous  reaction  present 
at  challenge  became  more  extensive  by  l6  weeks  after  challenge,  but  rarely 
were  acid-fast  bacilli  or  large  "foamy"  mononuclear  cells  seen.  In  contrast, 
at  4-  weeks  after  challenge,  the  lungs  of  control  mice  had  well  circiimscribed 
lesions  filled  with  polymorphonuclear  leukocytes  and  mononuclear  cells. 
Caseation  had  not  occurred  but  lesions  contained  numerous  bacilli.  By  l6 
weeks  after  challenge,  lesions  were  still  circumscribed,  but  they  contained 
areas. of  cellular  debris  containing  many  bacilli,  polymorhponuclear  letLko- 
cytes,  and  large  mononuclear  cells  with  a  distinctive  foamy  cytoplasm. 
Lesions  in  several  nonvaccinated  monkeys  after  aerosol  challenge  resembled 
those  seen  in  man,  with  caseation,  multinucleated  giant  cells,  and 
epithelioid  cells  seen  as  prominent  features.  Few  bacilli  were  present, 
even  in  caseous  lesions.  Lungs  from  a  cell  wall  vaccinated  monkey  contained 
only  small  granulomata  with  a  few  giant  cells  and  no  caseation. 
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With  Dr.  Barclay's  help  the  distribution  and  persistence  of  l^+C- 
labeled  cell  wall  vaccine  in  mice  was  studied.  One  day  after  intravenous 
injection,  19^,  0.6^  and  22^  lodged  in  the  lungs,  spleen,  and  liver, 
respectively.  Four  weeks  later,  the  proportional  distribution  was  the 
same,  but  the  amount  of  radioactivity  had  decreased  about  50^.  When  vaccine 
without  hydrocarbon  was  given,  only  half  as  much  radioactivity  was  found 
.in  these  organs  at  any  given  time . 

In  a  preliminary  small-scale  experiment,  good  protection  was 
afforded  3  monkeys  vaccinated  intravenously  with  10  mg  of  Mycobacterium 
bovis  cell  wall  vaccine  and  then  challenged  by  aerosol  with  virulent  H37Rv. 
Subsequent  confirmation  of  these  findings  in  a  trial  now  planned  in 
collaboration  with  the  Naval  Biological  Laboratory  in  Oakland,  California, 
would  greatly  enhance  the  potential  of  a  cell  wall  vaccine  for  the  control 
of  tuberculosis  in  man. 

Centrifugal  chromatography  of  lipid  materials .  Last  year  we 
reported  success  in  preliminary  attempts  to  separate  closely  related  lipids 
by  centrifugation  in  a  closed  microparticulate  silica  gel  system.  In 
further  research  on  this  system.  Dr.  Ribi,  in  collaboration  with  Ivan 
Sorvall,  Inc.,  has  tested  the  effect  of  various  solvents,  moisture  content 
in  lipid  materials,  size  of  column,  and  centrifugal  force  on  resolution 
and  yield.  The  centrifiige  adaptor  assembly  has  been  modified  to  fit  5  mm 
columns  necessary  for  preparative  work. 

The  resolution  of  this  system  is  indeed  rem.arkable.  Preparations 
of  polar  phospholipids  of  Mycobacterium  tuberculosis  which  Dr .  Middlebrook 
considered  pure  by  thin-layer  chromatography  (TLC)  were  shown  to  contain 
up  to  10  different  components.  A  lipid  preparation  that  Dr.  Prescott  had 
extracted  from  Mycoplasma  pneumoniae  and  shown  to  migrate  as  a  single  spot 
on  TLC  had  3  distinct  components.  Endotoxins  from  ro\igh  salmonella,  which 
were  thoiight  to  be  pure  glycolipid  free  of  polysaccharide  components,  were 
separated  into  an  inactive  glycolipid  portion  that  migrates  and  endotoxic 
material  that  remains  at  the  point  of  origin. 

Antigens  of  Neisseria  gonorrhoeae .   In  a  collaborative  effort  between 
Dr.  Ribi  and  four  NCDC  investigators,  an  attempt  was  made  to  fractionate 
N,  gonorrhoeae  and  to  isolate  serologically  and  immunologically  active 
antigens.  Active  material  could  be  extracted  with  A   sodium  deoxycholate 
(NaD)  'from  whole  cells  and  protoplasm  but  not  from  cell  walls.  This  material 
withstood  boiling  for  2  l/2  hours  in  pH  7.4  phosphate  buffer,  was  found  in 
the  phenol  phase  of  a  phenol  water  extract,  and  could  be  precipitated  with 
ethanol.  An  antigen  for  use  in  an  RIP  test  was  prepared  by  growing  strain 
183-Tl  in  a  medium  containing  Uc  glucose,  extracting  cells  with  25^  NaD, 
removing  nucleic  acids,  and  purifying  it  by  ethanol  precipitation  and 
dialysis .  With  this  antigen  in  the  RIP  test ,  11  of  12  human  serums  from 
patients  affected  with  gonorrhea  reacted  positively  whereas  7  control 
serums  from  normal  persons  were  negative . 
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Chronic  -progressive  viral  disease.  Drs .  Hadlow  and  Eklimd  have 
continued  their  studies  of  scrapie,  Aleutian  disease  (AD)  and  encephalopathy 
of  mini:  and  chronic  interstitial  pneumonitis  of  sheep  along  three  major 
lines,  viz.  relating  host  responses  to  viral  replication  and  spread, 
characterizing  general  properties  of  the  caiosative  viruses  and  search  for 
tissue  culture  systems  useful  for  cultivation  and  assay  of  virus . 

Investigations  of  the  disease  process  of  experimental  scrapie  in 
the  goat  are  essentially  completed.  Evidence  is  convincing  that  virus 
reaches  the  central  nervous  system  (CNS)  late  in  the  course  of  infection. 
In  some  long-standing  infections  virus  can  be  demonstrated  in  the  CNS  after 
it  has  disappeared  from  lymphocytic  tissues.  To  illustrate  the  extreme 
protraction  of  infection,  virus  vras  recovered  in  the  CNS  from  2  of  8 
clinically  normal  goats  during  the  fourth  year  after  inoculation.  Infection 
apparently  is  more  likely  after  inoculation  by  the  intracerebral  than  by 
the  subcutaneous  route.  There  is  still  no  evidence  that  Targhee  sheep  are 
infected  3  years  after  inoculation  with  scrapie  virus. 

A  study  of  natural  infection  among  sheep — mainly  Sxaffollc — in  Mission, 
Texas,  is  underway.  Thus  far,  virus  has  been  recovered  from  the  CNS  and 
lymphocytic  tissues  from  3  of  10  diseased  sheep;  tests  of  7  sheep  are  not 
complete.  Virus  has  been  recovered  from  a  number  of  sites  from  which  it 
could  readily  gain  access  to  the  outside  environment.  The  study  will  be 
extended  to  include  investigation  of  natural  infection  during  the  incubation 
period  in  yoimg  sheep  derived  from  ewes  subsequently  dying  vrilth  scrapie . 

The  incubation  period  of  experimental  encephalopathy  of  mink  may  be 
as  long  as  560  days  after  intraperitoneal  inoculation,  and  affected  mink 
may  survive  for  as  long  as  3  months.  In  size,  ether  sensitivity  and 
resistance  to  formalin,  the  virus  of  mink  encephalopathy  resembles  scrapie 
virus.  That  the  2  are  not  identical,  however,  is  s-uggested  by  the 
observations  that  mice  inoculated  with  encephalopathy  virus  have  not 
developed  neurologic  disease  after  18  months,  and  pastel  mink  injected  with 
mouse-adapted  scrapie  virus  have  remained  healthy  for  26  months. 

In  studies  of  AD,  additional  observations  support  previous  findings 
that  Royal  pastel  mink  are  more  resistant  to  AD  virus  than  sapphire  mink. 
One  definitely  affected  pastel  mink  has  recovered  2  years  after  experimental 
infection  ;\'ith  AD  virus .  A  favorable  outcome  has  never  been  observed  in 
diseased  sapphire  mink.  Viremia,  even  during  the  terminal  stages  of  AD  in 
pastel  mink,  is  difficult  to  demonstrate,  and  virus  titers  are  low  when 
present.  A  systematic  study  of  the  pathogenesis  of  AD  in  sapphire  mink  was 
initiated  in  December  1967.  Preliminary  observations  indicate  that  viremia 
occurs  as  early  as  the  15th  day  after  inoculation,  and  virus  persists  in 
high  titer  in  the  blood  throughout  the  course  of  disease .  Another  mink 
with  a  color  phase  (phenotype)  homozygous  for  the  Aleutian  gene,  the  triple 
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pearl,  resembles  the  sapphire  mitik  in  its  susceptibility  to  AD  infection. 
In  experiments  to  determine  the  resistance  of  AD  virus  to  heat,  infectivity 
was  not  affected  by  exposure  to  60°C  for  as  long  as  4  hours .  At  80°C  for 
this  period,  however,  virus  was  inactivated  in  30  minutes . 

As  work  with  progressive  pneijmonia  of  sheep  continues,  our 
investigators  are  increasingly  impressed  by  the  lymphoreticular  prolifera- 
tion in  the  lungs  of  affected  sheep.  The  histologic  features  of  this 
disease  seem  more  allied  to  those  of  lymphoma  in  man  than  to  those  of  an 
ordinary  infectious  process.  Typical  disease  occurred  1  to  3  years  after 
experimental  inoculation.  On  basis  of  the  8  sheep  thus  far  clinically 
affected,  the  intravenous  route  appears  to  be  slightly  more  effective  than 
the  intrapulmonary  route .  After  40  months  the  disease  has  not  appeared  in 
sheep  inoculated  intracerebrally .  A  virus  has  been  isolated  from  7 
naturally  or  experimentally  diseased  sheep  in  cultures  of  cell  lines 
derived  from  normal  sheep  and  goats.  In  size,  heat  resistance  and 
sensitivity  to  ether,  the  isolates  resemble  raaedi  virus,  an  agent  which 
causes  a  disease  in  Icelandic  sheep  similar  to  progressive  pne\imonia.  If 
they  prove  to  be  the  etiologic  agent  of  progressive  pne\monia,  a  full-scale 
study  of  the  pathogenesis  of  infection  will  be  possible. 

Allergy  and  immunology.  After  Dr.  Munoz  returned  from  the  Pasteur 
Institute  he  began  some  preliminary  studies  on  the  behavior  of  cathepsin  D 
and  E-digested  antigens  in  certain  allergic  phenomena.  A  large  fragment 
from  digested  human  serum  albumin  (HSA)  was  shown  to  have  a  new  specific 
determinant,  in  addition  to  a  full  complement  of  antigenic  determinants 
found  in  native  HSA.  When  guinea  pig  serum  albijmin  (GPSA)  was  digested 
with  cathepsin  D,  the  digested  fragment  induced  delayed  hypersensitivity  to 
native  or  digested  HSA.  Antibodies  were  detected  by  hemagglutination  of 
tanned  red  blood  cells  only  after  many  injections  of  HSA.  At  the  time  HSA 
antibodies  were  found  in  the  serum  of  guinea  pigs,  they  had  immediate 
hypersensitivity  to  digested  or  native  GPSA,  but  no  delayed  bypersensitivity 
to  these  antigens . 

Dr.  John  Coe  is  completing  some  of  his  investigations  on  antibody 
production  in  various  classes  of  immunoglobulins  before  reorienting  his 
research  toward  some  of  the  immionologic  problems  in  slow  viral  infections. 
After  a  minimal  dose  of  protein  antigen  in  saline  was  given  to  hamsters,  he 
found  that  antibody  appeared  only  in  the  7Sy^   but  after  a  similar  dose  in 
adjuvant,  antibodies  appeared  in  both  7Sy^-   and  VSyg-glohulins .  Differences 
in  immunoglobulin  responses  were  not  only  quantitative  but  qualitative,  and 
related  to  the  mode  of  immijnization. 
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The  ym  immunoglobulin  of  the  hamster  has  "been  isolated  and 
characterized.     It  has  unique  antigenic  determinants  as  well  as  those 
shared  with  the   Fah  piece  of  7Sy2   and  VSyi  and  has   an  Sgo  w  °f  20. 4-  which 
is   reduced  to  about  7  after  2-mercaptoethanol  treatment.     Specific  antigen 
binding  was  detected  in  Ym  globulins  but  not  -until  7Syj^  antibody  also 
developed . 

Dr.   Coe  found  that  the  deer  mouse  produces  antibodies   in  the  7Sy]_- 
and  7SY2-globulins,   both  of  which  have  common  antigenic  determinants  on 
their  Fg^^  piece .     In  addition,   the  7Sy2  had  a  imique  determinant  on  its 
Fc  piece.     When  protein  antigens  were  given  in  adjuvant,    antibodies  appeared 
in  both  types,  but  when  antigens  were  given  in  saline,    antibodies  were 
found   chiefly  in  7Syi. 

Dr.   Lodmell  and  Dr.  Hadlow  have  begun  some  collaborative  studies  on 
the  ijnmunology  of  Aleutian  disease  in  mink.     First,    they  are  comparing  the 
immunoglobulin  response  and  hypersensitivity  reactions  of  normal  and 
Aleutian-disease-affected  sapphire  and  pastel  mink  to  various   antigens  and 
developing  a  fluorescent  antibody  test  or  other  serologic  procedure  to 
measure  virus   content  in  tissues .     So  far,  base-line  studies  of  normal  mink 
and  the  preparation  of  specific  anti-mink  and  anti-keyhole   limpet  hemocyanin 
serums  have  been  completed. 

Bordetella  pertussis   antigens.     Dr.  Munoz  and  Dr.  Smith  have 
continued  attempts   to  purify  and  characterize  the  histamine  sensitizing 
factor  (HSF).     This  material  is   chiefly  lipid   and  protein  containing  most 
amino  acids  except  cysteine  and  methionine;    its  activity  is  destroyed  by 
urea  but  not  by  lysozyme.     The  behavior  of  HSF  in  Sephadex  G-200 
chromatography  and  its  diffusions   in  agar  were  shown  to  be   affected  by  the 
molarity  of  the  solution;    above  a  salt  concentration  of  0.5  m  the  particle 
size  is  reduced  and  in  agar  containing  1.0  m  NaCl,   HSF  dissolved  in  1.0  m 
saline  diffuses  and  forms   a  band  of  active  precipitate.     So  far,    all 
attempts  to  separate  the  protective  factor  from  the  HSF  have  failed. 

In  further  studies  on  the  mode  of  action  of  HSF  in  mice,   Dr.  Bergman 
and  Miss  Clausen  have  shown  that  the  hypoglycemia  induced  by  B.  pertussis 
cells  bears  no  relationship  to  histamine  sensitivity.     Mice   rendered 
hypoglycemic  with  insulin  were  not  sensitive  to  histamine  nor  did  glucose 
or  other  sugars  protect  against  histamine  death.     They  also  showed  that 
the  marked  lymphocytosis  stimulated  by  HSF  does  not  have  a  cai:ise-effect 
relationship  with  histamine  sensitivity. 
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It  is  thotight  that  HSF  may  exert  its  effect  throtigh  some  of  the 
hormonal  systems   controlling  vascular  tone.     In  previous  studies,   the 
capillary  permeability  of  HSF-treated  mice,    as  showi  with  Evans  blue  dye, 
was   increased.     This  finding  was   confirmed  when  it  was  shown  that  the 
concentration  of  plasma  vol\me  labeling  substances  was  about  10^  less  in 
HSF-treated  than  control  mice  and  that  high  molecular  weight  dextrons  were 
lost  faster  from  the  circulation  of  HSF-treated  than  from  control  mice. 
However,   HSF  action  is  not  totally  analogo\is  to  a  beta-adrenergic  blockade 
that  also  decreases  vascular  tone.     The  beta-adrenergic  stimulator, 
isoproterenol  and  the  alpha  and  beta  stimulator  1-epinephrine  protected 
mice  made  histamine  sensitive  by  propranolol,   but  only  1-epinephrine 
protected  HSF-treated  mice   from  histamine   death. 

Using  alkaline  saline  extract  (SE)   of  B.  pertussis   as   an  adjuvant. 
Dr.  Munoz  has  shown  enhanced  production  of  a  skin-fixing  antibody  in  mice, 
similar  to  reaginic  antibody  in  man.     When. a  mixture  of  SE  and  egg  albumin 
was  given  to  RML  and  CFW  mice,   they  produced  a  heat  stable  2-hour  PCA 
antibody  and  a  heat  labile  72-hour  PCA  antibody,  both  of  which  persisted 
at  high  titers   for  60  days.     By  gel  electrophoresis,   the  2-hour  "antibody 
was  shown  to  be  a  7S  gamma  1  and  the  other  to  be  an  IgA  or  IgM.     The 
72-hour  type  could  be  absorbed  from  mixtures  of  the  two  with  concanavllin  A, 
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Project  Description: 

The  general  direction,  supervision  and  coordination  of  research 
programs  is  the  major  objective  of  this  project.  Staff,  equipnent,  and 
space  requirements  for  each  program  are  evaluated  and  allotted  according 
to  merits  and  progress  made.  Whenever  possible,  needs  for  professional        ■ 
and  technical  competence  for  projects  are  met  through  collaboration  I 

between  staff  of  vario\is  sections.  This  project  provides  all  research         ■ 
services  functions,  such  as  clerical  assistance,  recruiting  and  personnel 
administration,  budget,  fiscal,  travel,  supply,  housekeeping,  transporta- 
tion, maintenance  of  buildings  and  groimds,  graphic  arts,  library  services, 
and  rearing  and  procurement  of  animals.   Personnel  engaged  in  glassware 
and  media  preparation  and  the  care  of  animals  under  experimentation  are 
allocated  in  the  proportion  used  for  each  research  project. 

Extramural  public  relations,  consultancies  and  collaboration  with 
outside  organizations  are  arranged  or  coordinated  through  this  office. 
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Project  Description: 

Objectives; 

Investigations  were  continued  on  the  role  of  domestic  and  wild 
animals  and  ticks  in  the  natural  history  of  epidemic  typhus  in  Africa  and 
South  America,  as  also  were  laboratory  tests  of  the  susceptibility  of 
domestic  animals  to  experimental  infection.  Studies  were  initiated  to 
evaluate  the  rickettsial  microagglutination  (MA)  and  toxin  neutralization 
(TN)  tests  as  methods  for  differentiating  epidemic  and  murine  typhus  in 
humans  and  for  determining  the  relative  persistence  of  homologous  and 
heterologous  antibody  over  long  periods  of  time.  A  similar  study  was 
made  to  determine  the  complement-fixation  (CF),  MA,  and  TN  antibody 
responses  in  experimental  laboratory  animals  to  infection  with  epidemic 
typh\is.  Other  investigations  were  continued  on  l)  the  identification  and 
characterization  of  isolates  of  spotted  fever  group  rickettsias  from 
various  species  of  ticks  and  different  geographic  areas,  2)  the  behavior 
of  certain  rickettsias  in  their  arthropod  or  animal  hosts,  and  3)  "the 
role  of  birds  in  the  natural  history  of  RMSF  in  eastern  U.S.A. 

Methods  employed: 

Investigations  were  made  in  the  field  and  in  the  laboratory. 
Animal  tissues  and  ticks  collected  in  the  U.S.A.  or  in  Africa  were 
forwarded  to  RML  for  isolation  tests  and  serologic  analysis.  Isolation 
attempts  were  made  by  the  conventional  use  of  guinea  pigs  and  embryonated 
hens'  eggs.  Serologic  techniques  included  the  CF,  MA,  TN,  and  the 
fluorescent  antibody  test. 

Identification  of  new  strains  of  rickettsias  involved  CF,  TN, 
cross-protection  and  animal  susceptibility  tests.  Laboratory-reared 
ticks  were  infected  with  rickettsias  by  allowing  them  to  feed  on  infected 
animals,  by  artificial  feeding  of  infective  yolk  sac  through  glass 
capillary  tubes,  and  by  direct  intracoelomic  inoculation. 

Ma.ior  findings: 

1.  While  visiting  with  Dr.  D.  M.  Bissell,  resident  representative 
of  the  Imperial  Ethiopian  Ministry  of  Public  Health,  Dr.  C.  B,  Philip 
learned  that  outbreaks  of  clinically  diagnosed  epidemic  typhus  with  some 
fatalities  had  occurred  among  natives  in  Gondar  Province  of  Ethiopia 
during  the  summer,  rainy  seasons  of  1965-66.  The  disease  was  at  a  low 
ebb  elsewhere  in  the  nation.  As  a  follow-up  of  this  report,  Dr.  Makram 
Kaiser,  of  NAMRU-3,  Cairo,  visited  Dr.  Bissell  in  Gondar.  Blood  samples 
were  obtained  from  111  persons  in  various  local  areas  who  had  had  febrile 
episodes  1  week  to  several  months  previously.   In  serologic  tests  performed 
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at  RML,  7  of  these  serums  had  CF  antibody  titers  of  1:128  or  greater 
with  typhus  antigens  and  all  gave  higher  titers  with  epidemic  than  with 
murine  antigen.  These  results  were  confirmed  by  TN  tests  in  which  the 
titers  of  epidemic  antibodies  (1:4096  or  greater)  were  ^.-fold  to  8-fold 
higher  than  murine  titers . 

In  addition,  in  Gondar  Province,  serums  were  obtained  from  4.5 
inmates  of  a  local  prison  where  an  outbreak  of  typhus  had  occurred  2 
months  before.  Serums  of  11  persons  had  high  CF  titers  with  typhus 
antigens;  4  had  a  rise  in  CF  titer  between  2  serums  taken  10  days  apart. 
In  8  cases,  the  titers  were  higher  with  epidemic  than  with  murine 
antigens,  but  the  type  of  typhus  antibodies  could  not  be  differentiated 
in  the  other  3  cases . 

2.  Studies  of  the  siisceptibility  of  burros  to  infection  with  the 
ZRS  strain  of  Rickettsia  prowazeki  were  reported  previously.  In  TN 
tests  on  serums  taken  from  1  burro  the  titer  against  epidemic  typhus 
decreased  from  1:256  at  20  days  post  inoculation  to  1:32  two  years  later. 
Titers  against  murine  typhus  remained  4-fold  lower  during  the  2-year 
period.  CF  antibodies  were  also  detected  in  the  2-year  sample. 

Attempts  were  made  to  establish  R.  nrowazeki  infection  in  young 
goats  and  sheep  by  intrajugular  inoculation  and  intratracheal  inspiration 
of  infective  yolk  sac  suspensions.  All  attempts  to  detect  rickettsemia 
were  negative.  Nevertheless,  specific  antibody  was  detected  by  the 
fifth  day,  rose  to  a  peak  within  2  weeks,  and  subsequently  declined. 
These  findings  suggest  that  a  limited  and  perhaps  localized  infection 
occurred  in  these  cases.  No  significant  differences  were  observed  in 
the  antibody  response  of  animals  inoculated  by  the  intrajugular  as 
compared  with  intratracheal  routes . 

3.  Tissues  and  serums  of  wild  animals  have  been  transferred  from 
NAMRU-3  to  RML.  These  specimens  are  being  tested  for  R.  prowazeki  in 
guinea  pigs  and  chick  embryos .  To  date  no  indication  of  R.  -prowazeki 
infection  in  the  specimens  has  been  detected,  although  there  is  serologic 
evidence  of  Q  fever  in  a  number  of  cases . 

4.  Antibody  responses  in  guinea  pigs  experimentally  infected 
with  R.  -prowazeki  or  R.  mooseri  have  been  followed  by  CF  and  MA  tests . 
Results  with  these  two  methods  corresponded  well.  Antibody  titers  rose 
to  a  peak  within  20  days  postinoculation  and  declined  rapidly  to  low 
levels  within  90  days  and  thereafter  were  maintained  for  at  least  200 
days.  Differential  diagnosis  by  either  technique  was  possible  for  90 
days  after  infection  but  no  longer. 
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5.  The  first  isolation  of  R.  rickettsi  made  from  Dermacentor 
occidentalis  was  noted  in  the  annual  report  last  year.  Six  additional 
strains  have  been  recovered  from  this  species  of  tick  collected  in 
California.  Heavily  infected  yolk  sac  cultures  caused  only  1  day  of 
fever  and  a  slight  scrotal  swelling.  However,  in  subsequent  passages 
similar  mild  symptoms  were  produced  in  only  1  of  8  passage  guinea  pigs. 
Nevertheless  this  strain  has  been  maintained  through  at  least  5  serial 
guinea  pig  passages,  and  the  rickettsia  was  easily  recovered  in  chick 
embryo  culture  from  passage  animals .  These  latter  two  characteristics 
distinguish  this  strain  from  certain  spotted  fever  group  rickettsias 
which  are  classed  as  avirulent  for  guinea  pigs,  such  as  the  "eastern 
Montana"  and  western  Montana  "U"  strains. 

The  first  Isolation  of  a  spotted  fever  group  rickettsia  from 
Ixodes  pacificus  has  been  made.  Two  strains  were  recovered  from  these 
ticks  collected  in  Oregon.  Antibody  and  antigens  prepared  with  these 
rickettsial  isolates  cross-react  in  CF  tests  with  antibody  and  antigens 
of  the  various  rickettsias  of  the  spotted  fever  group.  This  rickettsia 
was  of  low  virulence  for  guinea  pigs,  produced  a  partial  immimity  but 
little,  if  any,  antitoxin  against  R.  rickettsi.  and  in  tests  made  so  far 
it  could  not  be  passed  serially  in  guinea  pigs.  In  these  respects, 
this  rickettsia  from  1_.   pacificus  resembles  the  nonpathogenic  rickettsias 
which  have  been  isolated  from  D.  variabilis  ticks  from  eastern  Montana, 

6.  During  1967,  2,/;24  ticks  taken  from  birds  in  Maryland  and 
Virginia  were  tested  (I32  pools)  for  rickettsias.  Beca\:ise  bacterial 
contamination  precluded  isolation  in  fertile  hens'  eggs,  these  ticks  were 
tested  in  guinea  pigs.  Eight  of  the  I32  pools  tested  were  positive  for 
spotted  fever  rickettsias  as  judged  by  the  development  of  CF  antibodies 
or  by  immunity  to  challenge  with  a  virulent  strain  of  R.  rickettsi. 

Only  2  of  the  pools  produced  a  temperature  of  40°C  or  above  in  guinea 
pigs.  Four  species  of  ticks  were  represented  in  these  positive  pools: 
Ixodes  dentatus .  X.  cookei.  1.   bunneus,  and  HaemaDhvs alls  leiporispalustris 
(Hip). 

The  rickettsia  isolated  from  Hip  ticks  from  birds  in  Maryland  is 
similar  to  strains  of  R.  rickettsi  recovered  from  human  cases  of  spotted 
fever  acquired  from  D.  variabilis  in  the  eastern  United  States.  Unlike 
the  strains  iJisuaHjr  recovered  from  Hip  ticks,  this  rickettsia  produced 
an  average. of  5  days  of  fever  (40°C),  but  no  scrotal  reaction  in  guinea 
pigs. 

7 .  A  preliminary  comparison  was  made  of  the  TN  and  MA  tests  as 
methods  for  differentiating  epidemic  and  murine  typhus  disease  in  humans 
and  to  determine  the  persistence  of  homologous  and  heterologous  typhus 
antibody.  Repeated  specimens  of  serums  taken  from  10  persons  a  few  days 
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to  25  years   after  onset  of  laboratory-acquired  infections  were  -used . 
In  the  TN  test,  murine  and  epidemic  titers  were  the  same  or  within  a 
2-fold  dilution  and  remained  so  for  5  years  in  most  of  10  cases  studied 
and,    in  some  cases,   even  for  8  and  25  years.     However,   heterologous   as 
well  as  the  homologous  TN  titers  remained  high  (1:64-  > ) . 

Agglutinins  detectable  by  MA  tests  persisted  as  long  as  the 
antitoxins.     Although  usually  lower  than  neutralizing  titers,   especially 
in  late-convalescent  serums,   MA  titers  of  1:32  were  obtained  with  several 
serums  taken  at  least  5  years   after  infection. 

The  type  of  typhus  infection  could  be  distinguished  more  readily 
by  MA  test  than  by  TN  test,    since  MA  homologous  titers  were  consistently 
2-fold   to  8-fold  higher  then  heterologous   titers . 

In  2  of  the   10  cases  studied  a  diagnosis  of  murine  typhus  was 
confirmed  by  isolation  of  R.   typhi  from  blood.     Both  patients  had  received 
epidemic  vaccine  15  years  before.     In  both  cases  the  murine  and  epidemic 
antitoxin  titers  were  identical  in  serum  taken  2  weeks,   1  year  and   5 
years   after  onset  of  the  disease.     On  the  other  hand,   higher  agglutinin 
titers  were  consistently  obtained  with  murine  than  with  epidemic  antigen 
in  the  MA  test. 

8.  In  routine  tests  of  semims  from  laboratory  personnel  and  others 
for  antibody  against  various   rickettsial  diseases,   we  foimd  that  serums 

of  many  persons  who  were  without  typhtis  or  spotted  fever  CF  antibody 
reacted  in  TN  tests  with  typhus  rickettsias.     Investigations  are  being 
conducted  to  identify  the  source,   extent,    and  nature  of  this  apparently 
nonspecific  neutralizing  effect  of  some  serums . 

9.  Inoculation  of  R.   canada  into  rabbits  and  snowshoe  hares  failed 
to  produce  rickettsemia,  but  both  species  developed  CF  antibody.     However, 
rickettsias  were  recovered  from  blood  of  infected  meadow  mice  from  about 
day  3  to  day  6;    from  blood  of  chickens,   days  2  through  12  (10-3  egg-lethal 
doses  per  1  ml  blood);    and  from  blood  of  pheasants,    days  10  throtigh  14. 

10.     Immature  D.   andersoni  and  Hip  ticks  were  infected  with 
R.   Canada  by  feeding  on  rickettsemlc  meadow  mice  and  chickens, 
respectively.     In  both  species,   R.   canada  produced  a  generalized  infection 
that  was  maintained  transstadially  to  the  adult  stage.     Transovarial 
passage  was   recorded  for  1  D.   andersoni  female,  but  none  of  3  infected 
Hip  females  transmitted  R,   canada  via  their  eggs. 
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11.  Serologic  relationship  of  R.  canada  to  the  typhus  group 
rickettsias  was  confirmed  by  fluorescent  antibody  test.  Labeled 
antibodies  to  R.  canada  reacted  with  R.  prowazeki  or  R.  tYPhi .  and, 
conversely,  conjugates  of  immune  serums  of  the  latter  agents  stained 
R.  Canada. 

12.  Four  attempts  were  made  to  infect  larval  and  nymphal  D. 
andersoni  and  Hvalomma  dromedarii  vdth  R.  urowazeki  by  feeding  ticks  on 
rickettsemic  meadow  mice  or  gerbils,  but  it  was  impossible  to  detect 
rickettsias  after  ticks  had  molted  to  their  subsequent  developmental 
stage .  Similar  attempts  failed  in  experiments  with  Omithodoros  moubata. 
0.  lahorensis  and  0.  turicata  fed  on  infected  meadow  mice. 

13.  Numerous  microscopic  observations  made  during  studies  of 

R,  rickettsi  in  adult  ticks  revealed  the  consistent  presence  of  rickettsias 
in  hemocytes .  Smears  were  made  from  a  small  drop  of  hemolymph  obtained 
from  flat  as  well  as  engorged  adult  ticks  by  amputation  of  the  distal 
portion  of  the  tick's  leg.  After  air  drying  and  fixation  with  heat,  the 
smear  is  stained  by  Gimenez  method.  Trial  tests  conducted  with  hundreds 
of  adult  D.  andersoni  infected  either  with  virulent  or  nonvirulent  strains 
of  R.  rickettsi  confirmed  the  accuracy  of  this  technique  for  detecting 
rickettsial  infections  in  ticks. 

Significance  to  bio-medical  research  and  the  -program  of  the  Institute; 

The  serologic  confiimation  of  clinically  diagnosed  cases  of 
epidemic  typhus  in  Gondar  Province,  Ethiopia,  indicates  that  a 
considerable  amount  of  human  epidemic  typhus  is  present  in  Ethiopia,  at 
least  in  the  northern  isolated  areas  of  that  coimtry.  This  is  important 
since  it  has  previoiisly  been  reported  that  h\iman  cases  of  typhus  fever 
have  been  rare  or  absent  in  Ethiopia  as  well  as  in  Egypt. 

The  results  of  extensive  tests  of  serums  and  tissues  of  wild 
animals  (mainly  rodents )  collected  in  Egypt  indicate  that  these  animals 
are  not  likely  involved  with  maintenance  or  transmission  of  epidemic 
typhus  in  Egypt.  The  repeated  failure  to  isolate  R.  prowazeki  from 
various  species  of  ticks  collected  from  domestic  livestock  in  Egypt 
suggests  that  ticks,  at  least  in  Egypt,  are  not  importantly  involved 
either  as  vectors  or  as  a  reservoir  of  the  infection.  To  date,  our 
repeated  failure  to  experimentally  infect  ticks  with  R.  prowazeki  does 
not  indicate  a  likely  ecologic  role  by  ticks,  but  it  should  be  noted 
that  Reiss-Gutfreund  worked  with  other  species  whose  susceptibility  to 
this  rickettsi a  may  differ. 

On  the  other  hand,  the  widespread  occurrence  of  typhus  antibodies 
in  domestic  livestock  in  Egypt,  the  reported  isolation  of  epidemic  typhus 
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rlckettsias  from  blood  of  naturally  infected  donkeys  by  Dr.  Imam,  and 
the  demonstration  that  sheep,  goats,  donkeys  and  camels  are  siisceptible 
to  experimental  infection  with  R.  prowazeki .  suggest  that  the  role  of 
domestic  livestock  and  their  ectoparasites  in  the  natural  history  of 
R.  prowazeki  deserves  further  investigation. 

The  recovery  of  a  nonpathogenic  rickettsia,  from  1.   -pacificus 
from  Oregon  with  characteristics  of  R.  montana  (eastern  Montana,  EM 
strains),  adds  a  third  species  of  tick  and  the  eighth  state  in  which  EM 
rickettsias  have  been  found.  The  large  number  of  isolations  of  these 
and  other  avirulent  rickettsias  by  various  investigators  warrants 
continued  studies  to  develop  better  methods  for  characterizing  these 
agents  and  their  antigenic  relationships  to  one  another.  These 
rickettsias  are  potential  hiiman  pathogens  and,  moreover,  further  study 
of  them  could  provide  valuable  information  on  the  phenomenon  of 
variation  in  virulence  of  spotted  fever  rickettsias . 

Although  the  Hip  tick  has  been  considered  important  in  the 
maintenance  of  spotted  fever  disease  in  nature,  the  type-strain  (S  tjrpe) 
of  R.  rickettsi  usually  associated  with  this  tick  has  never  been 
recovered  from  human  cases  of  RMSF.  The  fact  that  a  type-strain  (T 
type)  of  R.  rickettsi  which  causes  disease  in  man  was  recovered  from 
Hip  ticks  from  birds  makes  it  desirable  to  determine  if  the  type-strain 
carried  by  Hip  ticks  may  be  governed  by  the  tick-host,  whether  bird  or 
mammal. 

Serologic  tests  performed  on  human  typhus  convalescent  serums 
indicate  that  the  MA  test  with  murine  and  epidemic  antigens  is  more 
reliable  than  the  TN  test  for  identifying  the  infecting  organism  in 
persons  who  have  been  vaccinated  against  epidemic  typh-us  and  subsequently 
contracted  typhus  fever. 

Demonstration  of  infection  of  chickens  and  pheasants  with  R.  canada 
and  of  Hip  ticks  fed  on  infected  chickens  supports  other  evidence  that 
■  this  rickettsia  is  a  tick-associated  member  of  the  typhus  group.  The 
Hip  tick,  the  species  from  which  original  isolation  of  R.  canada  was 
made,  is  known  to  parasitize  a  large  variety  of  birds,  mostly  ground- 
frequenting  . 

The  "hemolymph  test"  provides  an  economical,  rapid  and  simple 
technique  for  detection  of  rickettsial  infections  in  ticks.  Its 
application  is  not  injurioiis  to  ticks,  and  infected  specimens  can 
subsequently  be  processed  individually  in  attempts  to  isolate  and 
identify  the  rickettsial  agent  thereby  preventing  the  possibility  of 
mixed  rickettsial  populations. 
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Proposed  course  of  project: 

Continued  efforts  will  be  made  to  resolve  the  nature  of  the 
R.  prowazeki  antibodies  which  appear  to  be  widespread  in  domestic 
livestock  in  Egypt.  Comprehensive  studies  will  be  made  in  selected 
areas  in  Egypt  where  antibodies  are  most  prevalent  in  animals  and  man, 
with  some  emphasis  on  ectoparasites  common  to  domestic  livestock  and  man. 

Continued  experimental  efforts  will  be  made  to  determine  the 
capacity  of  various  species  of  Egyptian  and  Ethiopian  ticks  to  maintain 
and  transmit  epidemic  typhus  rickettsias  to  experimental  animals. 

Studies  on  typhus  antibodies  in  experimentally  infected  and 
vaccinated  animals  will  be  continued  to  secure  information  which  may  be 
useful  for  diagnosis  of  human  disease  and  to  further  evaluate  the  TN 
and  MA  tests  for  their  ability  to  distinguish  between  antibodies 
stimulated  by  murine  and  epidemic  typhus  organisms. 

Continued  efforts  will  be  made  to  isolate  and  characterize  new 
strains  of  rickettsias  and  to  develop  better  methods  of  determining  the 
antigenic  relationship  of  the  various  avirulent  spotted  fever  group 
rickettsias  present  in  ticks  of  the  U.S.A. 

A  dynamic  study  is  in  progress  to  determine  the  fate  of  R. 
prowazeki  following  ingestion  by  ticks.  Efforts  are  being  made  to 
colonize  Hyalomma  rufipes.  Rhipicephalus  simus  and  R.  evertsi.  and  to 
obtain  for  experimental  purposes  additional  species  of  Egyptian  ticks 
such  as  Amblvomma  variegatum  and  A.  lepidum. 

Quantitative  studies  will  be  made  of  R.  Canada  rickettsemia  in 
ground -frequenting  birds  such  as  grouse  and  quails  which  are  known  to 
be  hosts  of  immature  Hip  ticks.  In  addition,  attempts  will  be  made  to 
obtain  additional  isolates  of  R.  Canada  from  Hip  taken  off  wild  birds. 

The  usefulness  of  the  "hemolymph  test"  in  field  studies  will  be 
evaluated.  Wild  D.  andersoni  ticks  from  vegetation  will  be  examined 
by  this  method  and  those  found  to  contain  rickettsia-like  organisms 
will  be  processed  further  in  an  attempt  to  isolate  the  agent. 
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3. 

Project  Description: 

Objectives: 

To  obtain  a  more  thorough  iinderstanding  of  host/parasite  relationships 
in  Coxiella  burneti  infections;  to  clarify  immunologic  responses  and 
serologic  reactions;  and  to  develop  and  evaluate  diagnostic  techniques, 
reagents  and  vaccines  necessary  for  effective  control  of  Q  fever. 

Methods  employed: 

Tissue  cultures,  x-irradiated  mice,  various  serologic  techniques, 
titrations  in  embryonated  eggs  and  guinea  pigs,  density  gradient  techniques 
and  fluorescence  microscopy  were  employed  in  studies  on  phase  variation. 
Immunologic  responses  in  man  and  experimental  animals  were  examined  by 
immunoelectrophoresis,  chromatographic  and  density  gradient  techniques,  and 
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various  serologic  techniques .  Antigens  were  prepared  from  various  sources 
by  differential  centrifijgation,  selective  absorption  and  elution,  enzyme 
action,  various  gradient  and  chromatographic  techniques .  Soluble  antigens 
were  prepared  from  purified  suspensions  of  rickettsias  by  extraction  with 
organic  solvents.  Field  studies  on  phase  I  vaccine  were  carried  out  in 
human  volunteers  under  the  aegis  of  the  AFEB  Commission  on  Rickettsial 
Diseases . 

Ma.ior  findings; 

1.  A  study  of  hyperimmune  guinea  pig  serum  has  shown  that  the  bulk 
of  agglutinins,  complement-fixing  (CF)  antibodies  and  neutralizing 
antibodies  were  located  in  the  7S  gamma  2  (slow  gamma)  globulin  fraction. 
The  7S  gamma  1  (fast  gamma)  globulin  fraction  contained  small  amounts  of 
agglutinins  and  CF  antibodies,  none  of  the  neutralizing  antibody  and  all  of 
the  antibody  responsible  for  passive  cutaneous  anaphylaxis.  An  inhibitor  of 
passive  cutaneous  anaphylaxis  was  fo\md  in  the  7S  gamma  2  fraction. 

2.  A  strain  of  C.  bumeti  in  phase  II  which  cannot  be  converted  into 
phase  I  by  any  procedure  has  been  identified.  This  strain  will  be  employed 
in  a  definitive  comparison  of  phase  I  and  phase  II  vaccines  in  guinea  pigs. 

3.  A  study  of  strain  differences  by  repeated  cross-absorption  of 
immune  serimis  (still  in  progress)  has  revealed  that  some  strains  from  widely 
separated  geographic  regions  of  the  earth  are  almost  identical  although 
significant  differences  exist  in  other  instances. 

4.  The  phase  I  and  phase  II  antibody  response  in  guinea  pigs  after 
infection  or  vaccination  with  phase  I  or  phase  II  rickettsias  has  been 
examined  in  detail  by  microagglutination  and  complement-fixation.  The  phase 
II  antibody  responses  in  all  cases  are  very  much  alike.  Phase  II  agglutinins 
were  detected  on  the  4.th  day  after  onset  of  fever,  whether  the  infecting 
organism  was  in  phase  I  or  phase  II,  Phase  II  agglutinin  titers  were 
generally  higher  than  phase  II  CF  titers,  and  reached  values  of  1:8192  on  the 
5th  day  of  fever.  Animals  vaccinated  with  phase  II  rickettsias  did  not 
produce  phase  I  antibodies  within  120  days  nor  has  infection  with  phase  II 
rickettsias  produced  phase  I  antibodies  within  30  days.  In  contrast, 
vaccination  with  phase  I  organisms  not  only  produced  phase  II  antibodies  but 
also  phase  I  antibodies  within  20  days.  Animals  infected  with  phase  I 
rickettsias  produced  phase  I  antibodies  within  10  days  after  onset  of  fever. 

In  summary,  phase  I  and  II  antibodies,  produced  by  guinea  pigs  given 
phase  I  killed  antigen  or  living  organisms,  appeared  as  soon  as,  reached 
higher  titers,  and  persisted  longer  than  did  antibodies  stimulated  by 
corresponding  phase  II  preparations. 
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5.  Q.  fever  vaccine .  Additional  data  on  reaction  rates  in  human 
volunteers  with  the  WRAIR  phase  I  vaccine  have  been  secured  by  the  AFEB 
Commission  on  Rickettsial  Diseases.  Of  volunteers  given  a  single  dose 
of  30  ij.g  of  antigen,  1%   of  180  volunteers  produced  significant  antibody 
titers.  Of  volunteers  given  20  ^g  of  antigen,  6%   showed  a  significant 
rise  in  antibody  titer.  Induration  at  site  of  injection  was  seen  in  \L,io 
of  the  volunteers .  Althoi;igh  95  of  the  volunteers  possessed  pre-existing 
titers,  soreness  occurred  in  only  19  and  adenopathy  in  6.  Of  40 
volunteers  who  had  received  a  single  dose  of  vaccine  in  1965  or  1966  and 
were  boosted  in  1967,  33^  showed  induration  one  week  after  injection. 
This  induration  was  well  tolerated  in  all  cases.  Vaccine  was  well 
tolerated  both  as  a  primary  dose  and  as  a  booster. 

Efforts  are  now  being  made  to  arrange  for  a  larger  field  trial 
of  the  vaccine  in  an  area  where  a  substantial  at-risk  population  can 
be  studied. 

6.  Growth  of  rickettsial  in  insect  tissue  culture.  See  Project 
186. 

Significance  to  bio-medical  research  and  the  program  of  the  Institute: 

Findings  in  guinea  pigs  give  for  the  first  time  a  significant 
correlation  between  type  of  gamma  globulin  and  immunologic  function 
in  Q  fever.  These  studies  show  that  protective  antibodies  in  immunized 
animals  are  located  in  the  7S  gamma  2  fraction  along  with  most  of  the 
agglutinins  and  complement-fixing  antibodies . 

Study  of  the  early  antibody  response  in  guinea  pigs  to  C.  bumeti 
indicate  that  response  to  killed  antigen  is  indistinguishable  from  the 
response  to  infection  with  respect  both  to  the  types  of  antibodies 
produced,  and  to  the  time  course  of  their  development  and  appearance. 
The  raicroagglutination  test  was  shown  to  detect  specific  antibodies 
within  4  days  after  onset  of  fever  in  infected  animals.  This  finding 
may  be  of  value  in  the  early  diagnosis  of  human  disease. 

Phase  I  £.  bumeti.  whether  as  killed  antigen  or  infectious 
suspension,  induced  in  guinea  pigs  both  phase  I  and  phase  II  antibodies, 
in  higher  titer  and  with  greater  persistence  of  antibody  levels,  than 
did  corresponding  preparations  of  phase  II  rickettsias.  These  data 
constitute  additional  evidence  of  the  validity  of  the  decision  to 
develop  a  new  Q  fever  vaccine  composed  of  phase  I  C,.  bumeti .  Field 
trials  of  a  new  phase  I  vaccine  in  human  volunteers  have  so  far  confirmed 
laboratory  findings  of  the  new  vaccine's  potency.  Thus,  just  a  single 
dose  of  0.43  Ms/kg  (3O  US  per  vol-unteer)  has  produced  significant 
antibody  titers  in  75^  of  the  recipients  and  complete  protection  in  all 
against  an  aerosol  challenge  dose  of  3^000  guinea  pig  infectious  doses. 
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Proposed  course  of  "prelect ; 

Investigations  will  be  continued  on  l)  imm-une  mechanisms  involved 
in  Q  fever,  2)  isolation,  purification  and  characterization  of  the 
antigens  of  C.   bumeti.  3)  mechanism  of  phase  changes  in  C..  bumeti. 
4)  the  course  of  phase  changes  as  detected  by  fluorescence  microscopy, 
■and  5)  increased  understanding  of  the  host-parasite  relationship. 

Further  field  studies  of  phase  I  Q  fever  vaccine  in  humans  will 
be  promoted  imder  the  official  sponsorship  of  the  AFEB  Commission  on 
Rickettsial  Diseases, 

Continued  efforts  to  evaluate  the  role  of  chronic  Q  fever  in 
subacute  endocarditis  in  the  United  States  will  be  made. 


Honors  and  Awards: 

Dr.  R.  A.  Qrmsbee 

Elected  a  Fellow  of  the  American  Association  for  the  Advancement 
of  Science . 
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Wisseman,  C.  L.,  Jr.,  Fiset,  P.,  and  Ormsbee,  R.  A.:   Interaction 
of  rickettsiae  and  phagocytic  host  cells.  V.  Phagocytic  and 
opsonic  interactions  of  Phase  1  and  Phase  2  Coxiella  bumeti  with 
normal  and  imm-une  human  leiikocytes  and  antibodies.  J .  Immun .  99: 
669-674,  Oct.  1967. 

Lackman,  D.  B.,  Philip,  R.  N.,  Casper,  E.  A.,  Bell,  J.  F.,  Enright, 
J.  B.,  and  Pickens,  E.  G.:  Q  fever  immunity  in  man.  Health  Lab. 
Sci.  4:   236-244,  Oct.  1967. 

Qrmsbee,  R.  A.:  Q  fever  rickettsia.  In  Horsfall,  F.  L.,  Jr., 
and  Taram,  I.  (Eds.):  Viral  and  Rickettsial  Infections  of  Man. 
4th  ed.  Philadelphia,  J.  B.  Lippincott  Co.,  1965,  pp.  II44-II6O. 

Ormsbee, .R.  A.,  Peacock,  M.,  Tallent,  G.,  and  Munoz,  J.:  An 
analysis  of  the  immune  response  to  rickettsial  antigens  in  the 
guinea  pig.  Acta  Virol.  12:  78-82,  Jan.  1968. 
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Project  Description: 
Objectives: 

Elucidation  of  the  ecology  of  several  zoonoses 
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Methods  employed: 

Field  work  in  ecology  and  routine  laboratory  techniques  of 
microbiology,-  entomology  and  immunology  are  employed  as  necessary  to 
maintain  surveillance  of  regional  outbreaks  of  diseases, 

Ma.ior  findings: 

1.  Epizootiology  of  tularemia.  In  September  1967  the  study  of 
the  contamination  of  a  natural  stream  with  Francisella  tularensis 
entered  its  6th  year.  To  date,  about  31^  of  specimens  have  been  positive, 
and  correlation  between  low  temperature  of  water  and  higher  proportion  of 
positive  specimens  continues.  However,  the  complex  ecology  is  betrayed 
by  yearly  and  other  variations . 

Preliminary  quantitative  chemical  studies  indicate  that  extracts 
of  mud  and  leaf  mold  from  the  specimen  stream  contain  free  sulfhydiyl 
groups  in  amounts  that  should  support  growth  of  F.  tularensis:  such 
extracts  can  be  used  as  substitutes  for  cysteine  in  artificial  media 
for  the  organism.  Attempts  to  study  survival  of  water  strains  of 
F.  tularensis  in  cellophane  bags  in  situ  in  streams  were  frustrated  by 
apparently  chemical  erosion  of  the  dialysis  bags.  Possible  animal 
sources  for  such  contamination  of  waters  have  been  sought  but  have  not 
been  found . 

a.  A  family  outbreak  of  tularemia  on  a  farm  near  lone, 
Washington,  was  studied  at  the  invitation  of  the  Washington  State  Board 
of  Health.  Although  the  histories  indicated  water  as  the  most  probable 
source  of  infection,  it  could  not  be  demonstrated  at  the  time  of 
investigation. 

b.  Deaths  in  herds  of  sheep  laden  with  infected  ticks  are  not 
infrequent  in  spring,  with  resulting  health  hazards  to  those  tending  and 
shearing  them  and  considerable  economic  losses  to  the  industry.  In 
cooperation  with  Dr.  William  Hawkins,  Chief,  Veterinary  Research 
Laboratory,  Montana  State  University,  Bozeman,  preliminary  studies  were 
done  for  a  series  of  experiments  on  the  practicability  of  vaccinating 
sheep  to  prevent  these  difficulties.  Unfortunately,  healthy  adult  sheep 
not  subjected  to  the  vagaries  of  spring  weather  and  large  tick  loads 
proved  to  be  entirely  resistant  to  even  very  large  doses  of  fully  virulent 
strains  originally  isolated  from  sheep  that  had  died  during  such 
epizootics . 


33 


Serial  No.  NIAID-17^ 


c.  Infection  with  F.  tularensis  per  os.  is  a  chancy  haphazard 
occurrence;  however,  experimental  animals  can  be  infected  by  this  route, 
if  they  are  deprived  of  water  for  at  least  18  hours  before  being  offered 
a  fresh  concentrated  suspension  of  viable  organisms .  Study  of  many 
strains  by  use  of  this  route  failed  to  reveal  differences  in  infectivity 
or  invasiveness. 

2.  Immunology  of  tularemia.   Passive  transfer  of  antibodies  from 
immune  (vaccinated,  challenged  and  surviving)  dams  to  their  young  could 
not  be  demonstrated,  even  when  challenge  was  given  by  the  oral  route 
(see  above)  with  a  strain  of  attenuated  virulence.  Repeated  attempts 

to  elicit  passive  cutaneous  anaphylaxis  reactions  in  guinea  pigs  with 
human  serum  have  failed  until  recently.  Some  serums  with  very  high 
agglutinin  titers  to  F.  tularensis  have  produced  reactions . 

3.  Sylvatic  rabies .  A  total  of  135  bats,  collected  in  Montana 
and  mostly  in  Ravalli  County,  was  tested  for  infection.  One  was  infected 
with  rabies  virus  and  another  with  MML  virus.   Beca-use  of  the  North 
Dalcota  epizootic  of  rabies  in  skunks,  surveillance  of  this  species  in 
Montana  is  being  done;  all  52  tested  were  negative.  In  addition,  15 
specimens  from  10  other  species  of  animals  were  tested  and  found  free 

of  rabies  virus . 

Attempts  were  made  to  transmit  rabies  to  carnivores  by  feeding 
them  carcasses  of  mice  dead  of  rabies  infection.   Infection  did  not 
occur  in  12  domestic  cats,  11  ferrets  or  4  skunks.  However,  it  should 
be  noted  that  serum  from  3  cats,  taken  before  known  exposure  to  the 
vir\:is,  possessed  "natural"  or  "normal"  neutralizing  substance  against 
rabies  virus  to  detectable  titers  (e.g.,  1:32), 

4.  Pathogenesis  and  immunology  of  rabies .  Last  year  we  reported 
on  comprehensive  studies  on  the  pathogenesis  of  rabies  in  mice  and  on 
the  temporal  relationship  between  the  appearance  of  a  brain-neutralizing 
activity  and  loss  of  virus  in  mice  that  aborted  clinical  infection.  The 
factor  in  brain  that  neutralized  rabies  virus  was  a  gamma  globulin,  as 
characterized  by  immunoelectrophoretic  and  neutralization  tests,  and 
indirect  and  inhibition  fluorescent  antibody  tests  showed  that  it  was 
rabies-specific.   It  is  especially  important  that,  after  vaccination 
even  with  living  virus,  antibody  titers  in  brain  are  much  lower  than 
those  in  serum  but,  after  active  infection,  both  titers  are  comparable. 
We  believe  that  brain  immunoglobulin  is  formed  locally,  because  the 
necessary  cellular  elements  (lymphocytes,  plasma  cells)  are  present  in 
the  brain.  However,  the  possibility  of  a  breach  in  the  blood-brain 
barrier  during ■ rabies  infection  is  being  explored. 
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Because  the  cerebroneutralizatlon  test  in  rabies  permits 
detection  of  actual  CNS  involvement  in  the  infectious  process,  the 
principle  might  also  be  applicable  in  a  study  of  the  etiology' of  such 
diseases  as  the  Guillian-Barre  syndrome,  Landry's  paralysis,  and 
postvaccinal  encephalitis.  This  possibility  is  now  being  tested  in 
distemper-associated  chorea  in  dogs.     Specimens  are  being  submitted  by 
practicing  Montana  veterinarians . 

5.  Miscellaneo-us  diseases.  Dr.  James  I,  Berkman  (Long  Island 
Jewish  Hospital)  has  suggested  that  bacteria  seen  in  histologic  sections 
of  ears  of  mice  affected  with  dry  gangrene  might  be  etiologic  agents  of 
this  condition.  From  our  studies,  it  appears  that  such  bacteria  are 
secondary  or  terminal  invaders  and  that  trauma  and  cold,  together  or 
separately,  are  precipitating,  if  not  fundamental,  causes. 

Our  Japanese  collaborators  have  completed  their  study  of  the 
pathological  findings  in  the  experimental  disease  caused  by  Yersinia 
•philomiragia.  Dr.  Wayne  I.  Jensen  (Chief,  Bear  River  Research  Station) 
and  Dr.  Cora  Owen  are  writir^  descriptions  of  the  organism  and  the 
experimental  disease . 

Significance  to  bio-medical  research  and  the  •program  of  the  Institute: 

Despite  the  long  study  of  the  ecology  and  epizootiology  of 
tularemia,  these  aspects  are  still  not  fully  understood  and  the  disease 
remains  a  potential  hazard  to  people  working  or  playing  in  the  outdoors 
in  many  parts  of  the  Northern  Hemisphere.  The  long-term  study  of 
F.  tularensis  in  one  body  of  water  is,  as  far  as  we  know,  the  only  such 
investigation  ever  pursued  and,  we  hope,  will  eventually  lead  to  better 
understanding  of  the  very  complex  ecology  of  this  organism. 

Similarly,  our  studies  of  rabies  in  bats  in  Montana  have  yielded 
information  on  epizootiology  and  pathogenesis  not  available  from  other 
sources  and  probably  represent  the  longest  continuous  studies  in  an 
uncontrolled  population  in  the  United  States . 

The  phenomenon  of  elimination  of  virus  from  infected  neurons, 
apparently  by  antibody,  and  the  source  of  high  antibody  titers  in  brain 
after  active  infection  are  relatively  unexplored  approaches  to  the 
problem  of  encephalitis .  The  frequency  of  encephalitis  associated  with 
common  infections  attests  to  the  need  for  better  understanding  of 
pathogenesis  and  recovery.  In  many  instances  of  postvaccinal 
encephalitis,  even  the  diagnosis  is  uncertain.  Hopefully,  studies  of 
canine  chorea  will  yield  a  model  applicable  to  diagnosis  of  h-uman 
encephalitis . 


35 


Serial  No.  NIAID-17^ 


In  spite  of  long-held  belief  and  frequent  authoritative  statements 
to  the  contrary,  there  is  much  evidence  that  rabies  is  not  inexorably 
fatal  once  clinical  signs  appear  in  man  or  animals.  A  systematic  study 
of  abortive  rabies  in  laboratory  animals  and  of  the  niiraerous  reports  of 
dogs  (and  other  animals)  that  transmit  rabies  but  do  not  die  is  needed; 
results  should  either  reassure  us  as  to  present  methods  of  prophylaxis 
and  therapy  or  demonstrate  a  need  for  their  revision. 

Immediate  or  precipitating  causes  of  idiopathic  dry  gangrene  of 
ears  of  mice  suggest  a  relationship  to  ainhum  in  man  and  perhaps  to 
other  forms  of  dry  gangrene.  It  is  hoped  that  study  of  the  early  stages 
of  the  murine  condition  will  assist  in  determining  methods  of  arresting 
the  process . 

Proposed  course  of  pro.iect: 

Studies  on  ecology  and  epizootiology  of  tularemia  and  on 
immunologic  tolerance  and  differences  between  the  "virulence  types"  of 
F.  tularensis  will  be  continued.  In  conj\mction  with  this  last  aspect, 
we  will  include  two  strains  received  from  Dr.  N.  G.  Olsuf 'ev  (Gamaleya 
Institute,  U.S.S.R.)  who  considers  these  a  third  type,  F.  tularensis 
var.  media-asiatica.  With  Mr.  E.  L.  Hansen  of  the  Indiana  State  Fish 
and  Game  Department,  we  will  conduct  a  study  of  tularemia  in  captive 
rabbits.  Attention  will  be  focused  on  ectoparasites  and  small  mammals 
as  vectors.  Since  rabbits  are  fatally  infected  by  Type  A  and  rodents 
with  Type  B,  this  will  be  a  test  of  the  hypothesis  of  lack  of  "crossover" 
between  the  types.  Other  diseases,  e.g..  Group  A  streptococcal  infection 
of  rodents,  will  also  be  sought. 

Surveillance  of  bats  in  Montana  will  continue  with  accent  on 
epizoology  of  focal  outbreaks,  if  time  permits,  and  attempts  to  transmit 

virus  by  bat  bite  to  carnivores  and  to  other  bats. 

The  phenomenon  of  abortive  rabies  and  the  source  of  brain  antibody 
will  be  investigated  further.  Studies  of  permeability  of  the  blood- 
brain  barrier  during  infection  are  in  progress. 

Experiments  on  effects  of  antibody  passively  acquired  via  milk 
on  developnent  of  antibody  after  vaccination  with  inactivated  virus  are 
nearly  completed .  The  effects  of  passive  antibody  on  response  to  live 
virus  vaccine  will  be  begun. 

Dr.  J.  Frederick  Bell  is  now  at  Centro  Panamericano  de  Zoonosis 
in  Buenos  Aires,  Argentina.  As  practical,  methods  used  in  study  of 
rabies  will  be  applied  to  problems  in  that  country.  Vampire  bat  rabies 
affects  man  and  livestock  over  large  areas  of  Central  and  South  America 
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and  is,  in  fact,  a  limiting  factor  in  livestock  production.  Attempts 
at  control  by  eliminating  the  vector  and  vaccinating  cattle  have  failed 
and  it  is  hoped  that  increased  basic  knowledge  will  lead  to  more 
effective  control. 

Also,  a  study  of  occurrence  and  incidence  of  nonfatal  rabies  in 
dogs  is  to  be  conducted  with  the  Centro  Panamericano  de  Zoonosis  and 
the  Institute  Pasteur  de  Avellaneda.  It  is  hoped  to  test  a  statistically 
significant  nimiber  of  animals  during  the  projected  two-year  course  of 
the  study. 

Studies  of  Pasteurella  multocida.  P.  Tjseudotuberculosis .  Listeria 
monocytogenes  and  other  potential  human  pathogens  will  be  continued  as 
material  becomes  available.  P.  pseudotuberculosis  has  frequently  been 
involved  in  many  cases  of  "false  appendicitis"  in  many  parts  of  the 
world .  A  search  for  it  in  appendices  removed  at  Daly  Memorial  Hospital 
has  just  been  instituted. 


Honors  and  Awards: 

Dr.  J.  F.  Bell 

Invited  to  lecture  on  zoonoses  at  Department  of  Bacteriology,  Howard 
University,  Washington,  D.C. 

Dr.  Cora  R.  Owen 

Invited  to  be  a  contributor  to  the  8th  Edition  of  Sergey's  Manual 
of  Determinative  Bacteriology — consultant  on  genus  Francisella. 

Dr.  H.  G.  Stoermer 

Invited  to  present  a  lecture  on  "Leptospiral  abortion"  at  a  short- 
course  at  the  University  of  California,  Davis,  January  2-3,  1968. 

Invited  to  present  a  paper  at  a  Conference  on  "Montana's  strategy 
for  a  livable  environment",  Helena,  Montana,  May  21-23,  1968. 

Continued  as  a  Reviewer  for  American  Journal  of  Veterinary  Research. 
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Publications: 


Bell,  J.  F,:   Present  concepts  of  the   epidemiology  of  rabies.   In 
First  International  Conference  on  Vaccines  Against  Viral  and 
Rickettsial  Diseases  of  Man.  Washington.  D.C..  7-11  Nov.  1966. 
Pan  American  Sanitary  Bureau,  Regional  Office  of  the  World  Health 
Organization,  May  1967,  Sci.  Pub,  No.  147,  pp.  481-/4B7 ,  Also  in 
Bol.  Ofic.  Sanit.  Panamer.  63:   I3I-I4I,  Aug.  1967, 

Bell,  J.  F,:  Chronic  rabies  infection.  In  Proceedings  National 
Rabies  Symposium.  National  Commimicable  Disease  Center.  Atlanta. 
Ga..  May  ^-6.  1966.  pp.  17-21,  Also  in  Re vista  Pasteur  1:  3-8, 
Oct.  1966, 

Stoenner,  H,  G.:   Leptospiral  abortion  of  beef  cattle  caused  by 
Leptospira  pomona  and  Leptospira  hard  .jo.   J.  Amer.  Vet.  Med.  Ass. 
151:   1087-1090,  Oct.  15,  1967. 


In  press: 

Bell,  J.  F.,  Moore,  G,  J.,  and  Raymond,  G,  H.:   Chronic  rabies  in 
northern  bats.  Amer.  J.  Trop.  Med. 

Jellison,  W.  L.:  Besnoitiosis  with  special  reference  to  "American 
rodent  besnoitiosis".   In  Davis,  J.  (Ed.):   Wildlife  Diseases. 
Ames,  Iowa,  Univ.  of  Iowa,  Iowa  Press. 

Jellison,  V/.  L.:   Adiaspiromycosis  (=  Haplomycosis  ) .   Ibid  . 

Jellison,  W.  L.:   Toxoplasmosis  in  microtine  rodents.   Ibid . 
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Project  Description: 

Objectives; 

This  section  is  primarily  concerned  with  the  colonization  and 
systematic  studies  of  medically  important  arthropods  and,  when 
appropriate,  with  the  vector  relationships  between  arthropods  and 
infectious  agents.  Limited  studies  are  made  of  the  presumed  neurotoxin 
of  tick  paralysis  in  various  tick  hosts. 

Methods  em-ploved: 

Field  and  laboratory  methods  for  handling,  colonizing  and  study 
of  invertebrate  parasites  are  mainly  those  developed  at  RML  or  adapted 
from  standard  techniques.  Population  studies  of  small  animal  hosts  of 
ectoparasites  are  being  intensified  on  a  quantitative  as  well  as  on  a 
qualitative  basis .  Collaboration  with  other  imits  at  RML,  such  as 
serology,  rickettsiology  and  bacteriology,  is  an  essential  feature. 
Elucidation  of  taxonomic  problems  in  suitable  groups  of  parasitic 
arthropods  is  pursued  often  in  response  to  requests  from  other 
investigators,  institutions  and  agencies. 

Ma.ior  findings; 

Transmission  studies  previously  reported  in  this  section,  except 
for  tick  paralysis  and  certain  vector  mite  investigations,  have  been 
transferred  to  specific  projects. 

1.  Tick  paralysis.  Tvro  partially  fed  Dermacentor  andersoni 
from  Missoula  patients  attached  and  caused  paralysis  in  hamsters.  In 
ilarch  1968,  5  engorged  and  2  partially  fed  female  D.  occidentalis  were 
obtained  from  a  paralyzed  calf  at  Lompoc,  California.  The  partially 
fed  ticks  refused  to  reattach  to  hamsters,  but  the  lot  is  now  producing 
eggs.  The  F]_  adults  will  be  tested  for  paralytigenic  capability.  This 
species  occasionally  causes  paralysis  in  California  livestock  (first 
reported  by  Parker,  Brooks  and  Aferch,  1929),  and  involvement  of 
California  deer  due  to  this  tick  was  reported  in  1965. 

2.  Vector  relationships  of  mites  to  certain  haemorrhagic  fever 
agents  and  arboviruses .  This  project  was  temporarily  discontinued  in 
1967  when  PHS  Fellow  Carl  J.  r»Iitchell  departed.   It  should  be  resumed 
later. 

3.  Posthimious  reports  of  Dr.  Gordon  M.  Clark.  The  untimely  death 
of  Dr.  Clark  left  a  number  of  studies  in  various  stages  of  completion. 
Two  papers  describing  new  species  of  Neotropical  and  Nearctic  mites  have 
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been  published  posthtimously.  Data  on  other  studies,  including  the 
investigation  on  Ascaris  columnaris  and  arbovirus  infections  in  mice 
(see  1966  report),  are  being  assessed  as  time  permits. 

4.  Tick  and  mite  colonies .  The  colonies  of  ticks  and  mites 
described  in  the  last  report  are  being  maintained  for  various 
investigations  as  need  arises . 

5.  Taxonomic  studies.  There  was  no  slackening  in  requests  "from 
outside"  for  assistance  in  the  taxonomy  of  parasitic  ticks,  mites  and 
tabanids .  The  scope  of  collaboration  with  various  persons  and  institutions 
is  indicated  under  "cooperative  units".  In  particular,  cooperative 
studies  with  Dr.  D.  Sonenshine  of  Old  Dominion  College,  Norfolk,  Virginia, 
continue  on  world  tick  faunal  groups,  especially  the  genus  Ixodes  in  the 
Western  Hemisphere.  Similar  broad  faimal  studies,  headed  by  Dr.  Harry 
Hoogstraal  under  a  PL  48O  Agreement,  are  concentrating  on  the  world 
species  of  Haemauhvs alls .  an  important  vector  group. 

An  interesting  observation  is  that  spinose  ear  ticks,  Otoblus 
megnini .  are  more  frequent  in  the  ear  canals  of  Indians  in  the  Southwest 
than  suspected.  Pathogenic  agents  could  not  be  recovered  from  tests  of 
these  ticks . 

"Argas  "persicus"  has  been  a  publicized  pest  of  man  and  fowl  in 
the  Old  World  from  ancient  times ,  Three  species  in  the  United  States 
and  a  fourth  species  in  the  Neotropics  were  recently  identified  in  this 
complex.  These  findings  could  bear  on  vector  relationships  in  infections 
such  as  fowl  spirochaetoses . 

The  numbers  of  new  species  (new  supraspecific  categories  in 
parentheses)  published  or  in  press  since  the  last  report,  by  zoogeographic 
regions,  are: 


Acarina 

Nearc" 

tic 

Neotropical 

Oriental    Australian 

Ethiopian 

ticks 

1 

1 

1 

2  ■ 

mites 

11(1) 

tabanids 

1 

42(3) 

5 

6. 

Ticks 

and 

disease  compendi-qm.  PL  4.80  Agreement  No. 

352505 

(funds  in  U.A.R.)  between  RML  and  NAMRU-3  has  resulted  in  some 
outstanding  contributions  to  the  subject  of  ticks  and  disease.  In 
addition  to  the  aforementioned  systematic  studies,  a  major  accomplishment 
has  been  the  compilation  of  a  comprehensive  bibliography  comprising  some 
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100,000  titles,  and  many  reports  and  translations  (4-0  diiring  the  past 
year,  mainly  from  Russian  and  Chinese).  This  work  should  be  ready  to 
be  processed  for  publication  next  year  imder  an  agreement  with  the 
University  of  Maryland  and  the  National  Library  of  Medicine.  The  result 
should  be  of  extraordinary  international  benefit.  Supplements  are  planned. 

7.  Fireproof  storage  of  Acarina  materials.  When  the  NIAID  Board 
of  Scientific  Counselors  reviev/ed  the  RML  program,  they  were  impressed 
by  the  magnitude  of  historic  and  general  collections  housed  in  the 
general  laboratory.  Many  specimens  are  stored  in  flammable  alcohol. 
The  Counselors  recommended  a  small,  separate,  fireproof  building  for 
protection  of  the  irreplaceable  collections  and  the  systematic  library 
on  mites  and  ticks  for  which  RML  has  become  world -famo\:is .  With  the 
recent  transfer  of  the  chigger-mite  collection  from  the  U.S.  National 
M\ise\im  to  our  custodial  care,  our  collection  is  now  the  largest  in  the 
world.  The  collection  of  ticks  is  also  one  of  the  three  largest. 

The  need  for  an  adequate  facility  will  be  augmented  by  the 
extensive  tick  collections  and  library  willed  to  RML  by  Dr.  Harry  Hoogstraal 
of  NAMRU-3,  Cairo,  Egypt.  Small  shipments  are  already  arriving  because 
of  disturbed  conditions  in  the  Middle  East.  The  facility  will  be  called 
the  National  Acarine  Reference  Center.  Altho-ugh  in  preliminary  stages 
of  planning,  it  may  be  needed  sooner  than  expected  under  the  circumstances. 
Dr.  Hoogstraal 's  library  on  Ixodidae  is  unquestionably  the  most  complete 
and  valuable  private  one  in  the  world . 

Significance  to  bio-medical  research  and  the  urogram  of  the  Institute; 

This  project  is  particularly  significant  in  that  it  involves 
supplying  experimental  stocks  of  arthropods  to  various  units,  assisting 
in  collection  of  field  materials  and  identifying  field-collected 
materials  for  ourselves  and  outside  agencies. 

The  systematic  studies  of  Argas  and  Haemaphvsalis  will  clarify 
taxonomic  problems  in  two  important  groups  of  vrorld-wide  vectors  of 
disease  agents . 

Proposed  course  of  project: 

Arthropod  cultures  will  be  supplied  as  needed  in  various 
transmission  studies  and  identification  services  will  continue  to  be 
available  to  intramural  and  extramural  investigators .  Incomplete  studies 
of  Dr.  Clark  will  be  completed  or  terminated.  No  new  transmission 
studies  are  contemplated  independent  of  those  listed  in  other  specific 
projects . 

The  need  for  early  completion  of  a  suitable  building  to  house 
Acarina  collections  and  special  library  will  continue  to  be  emphasized. 
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Honors   and  Awards: 

Dr.   G.  M.   Kohls 

Appointed  Consultant  to  NAMRU-3,  Cairo,  Egypt. 

Served  as  Co-Chairman  of  Section  of  Acari  and  Diseases  of  Medical 
and  Veterinary  Importance,  Second  International  Congress  of 
Acarology,  University  of  Nottingham,  England,  July  19-25,  1967. 

Dr.  C.  B.  Philin 

Appointed  to  Editorial  Boards  of  American  Journal  of  Tropical 
Medicine  and  Hygiene  and  Folia  Parasitologic a  (Prague). 

Invited  to  International  Symposium  on  Rickettsiae  and  Rickettsial 
Diseases  at  Smolenice,  near  Bratislava,  Czechoslovakia, 
September  26-29,  1967. 

Served  as  Chairman  of  Seminar  on  the  Ecology,  Biology,  and  Control 
of  Ticks  and  Mites  of  Public  Health  Importance,  sponsored  by  World 
Health  Organization,  Geneva,  Switzerland,  December  11-15,  1967. 

Continued  appointment  on  Rickettsia  subcommittee  of  Bergey  Trust 
for  new  edition  of  Bergey 's  Manual  of  Determinative  Bacteriology. 

Appointed  Research  Associate  in  Entomology,  California  Academy  of 
Sciences . 

Appointed  member  of  Nominating  Committee  of  the  American  Society 
of  Parasitologists. 

Continued  appointment  on  DOD  Deseret  Test  Project  civilian  advisory 
committee,  Hdqs ,  Ft.  Douglas,  Utah. 

Continued  appointment  as  one  of  three  U.S.A.  representatives  on  the 
Judicial  Commission  of  the  International  Committee  on  Bacteriological 

Nomenclature . 

Invited  to  attend  8th  International  Congresses  on  Tropical  Medicine 
and  Malaria,  Teheran,  September  1968. 

Courtesy  appointment  as  Faculty  Affiliate,  University  of  Montana, 
Missoula. 

Received  DHEW  Superior  Service  Award  for  a  distinguished  career  in 
medical  entomology. 
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Dr.   C.  E.  Yunker 


By  request,   prepared   two  articles  on  medically  important  arthropods 
for  the  Encyclopedia  Americana. 


Publications: 


Clark,  G.  M.:  New  speleognathinae  from  Central  and  South  American 
mammals  (Acarina,  Trombidif ormes ) .  Proc.  Helminth.  Soc.  Wash.  34: 
24.0-243,    July  1967. 

Kohls,   G.  M.   and  Clifford,   C.  M.:      The  male  and  larva  of  Ixodes 
lavsanensis  Wilson  with  notes  on  rearing   (Acarina,    Ixodidae). 
J.  Med.  Entom.  4:      83-86,  May  1967. 

Coscaron,   S.   and  Philip,    C.  B.:     Keys   to  the  Neotropical  species  of 
Dasybasis  Macquart   (Diptera,   Tabanidae).     Segimdas   Jomadas 
Entomoepidemiologicas  Argentinas   1:      95-103,    1967 . 

Coscar6n,   S.   and  Philip,    C.  B.:     Notas  sobre  biologia  y  morfologia 
de  estadios  preimaginales  y  descripcion  del  macho  de  Dasvbasis 
fairchildi  Coscaron  y  Philip.     Rev.  Soc.  Entom.  Argent.   29:      43-51, 
July  18,   1967. 

Radovsky,   F.   J.,   Stiller,   D,,    Johnson,   H.  N.,    and  Clifford,    C.  M.: 
Descriptive  notes  on  Omithodoros  ticks   from  gull  nests  on  the 
Farallon  Islands  and  isolation  of  a  variant  of  Hughes  virus. 
J.   Paras it.   53:      890-892,   Aug.   1967. 

Clark,   G.  M.:      A  new  nasal  mite    (Acarina,   Speleognathinae)   from  the 
robin  ( Turd-us  migratorius ) .     Proc.  Entom.  Soc.  Wash.  69:      294-296, 
Sept.   1967. 

Coscaron,   S.  and   Philip,    C.  B.:      Revision  del  genero  Dasvbasis 
Macquart  en  la  region  Neotropical  (Diptera-Tabanidae).     Rev.  Mus . 
Arg.   Cienc.  Nat.^   Buenos  Aires   (Entomologia)  2:      15-266,   Oct.   1967. 

Hoogstraal,   H.,   Kohls,   G.  M.,    and  Parrish,   D.   W.:     Studies  on 
Southeast  Asian  Haemaphvsalis   ticks    (Ixodoidea,    Ixodidae). 
H.    (Kaiseriana)  -psalistos  sp.  n.,    a  parasite  of  deer  and  boars 
in  Luzon,    Philippines.     J.   Paras it.   53:      1096-1102,    Oct.   1967. 

Philip,  C.  B.:  Notes  on  Thimberg's  little-known  species  of  Tabanidae 
(Diptera)  from  the  New  World.  Ann.  Entom.  Soc.  Amer.  6O:  1235-I238, 
Nov.   1967. 
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Philip,  C.  B.:  Methods  of  studying  ticks  and  mites  as  virus  hosts 
and  vectors.  In  Maramorosch,  K.  and  Koprowski,  H.  (Eds.):  Methods 
in  Virology.  New  York  and  London,  Academic  Press,  1967  Vol  1 
pp.  105-128.  '   ' 

Philip,  C.  B.:  Species  of  Tahanus  related  to  T.  xanthog aster 
Philippi  in  Chile.  J.  Med.  Entom.  4:   463--466,  Nov.  20,  1967. 

Philip,  C.  B.:  New  North  i\merican  Tabanidae .  XIX.  Four  new 
species  from  Mexico,  Honduras,  and  Arizona.  Ann.  Entom.  Soc.  Amer. 
61:   380- 383,  Mar.  1968. 

Hoogstraal,  H.,  Kaiser,  M.  N.,  and  Kohls,  G.  M.:   The  subgenus 
Persicargas  (Ixodoidea,  Argasidae,  Argas ) .  4.  Argas  (P.)  robertsi. 
new  species,  a  parasite  of  Australian  fowl,  and  keys  to  Australian 
argasid  species.  Ann.  Entom.  Soc.  Amer.  6I:   535-539,  Mar.  1968. 


In  press: 

Burgdorfer,  W.:  Area  control  of  Dermacentor  ticks  in  the  United 
States .  WHO  Bull. 

Clifford,  C.  M.,  Kohls,  G.  M.,  and  Hoogstraal,  H.:   Ixodes  walkerae. 
n.  sp.,  from  a  bird  in  Kenya  (Acarina:  Ixodidae).  J.  Med.  Entom. 

Clifford,  C.  M.,  Yunker,  C.  E.,  and  Jones,  E.  K.:   Parasitic  mites. 
I.  The  genus  Laelaps  Koch  (Acarina,  Mesostigmata).  In  Exploration 
du  Pare  National  de  la  Garamba — Mission  H.  De  Saeger.  Bruxelles, 
Institute  des  Pares  Nationaux  du  Congo  et  du  Rwanda. 

Yamaguti,  N.,  Clifford,  C.  M.,  and  Tipton,  V.  J.:  Argas  (Argas) 
■iaponicus  ■  new  species,  associated  with  swallows  in  Japan  and  Korea. 
J.  Med.  Entom. 

Hoogstraal,  H.,  Kaiser,  M.  N.,  and  Kohls,  G.  M.:  The  subgenus 
Persicargas  (Ixodoidea,  Argasidae,  Argas ) .  5.  A.  (P.)  zumpti.  new 
species,  a  parasite  of  the  South  African  Gape  vulture.  Ann.  Entom. 
Soc.  Amer. 

Kohls,  G.  M.,  and  Clifford,  C.  M.:   The  subgenus  Persicargas 
(ixodoidea,  Argasidae,  Argas ) .  6.  A.  (P.)  giganteus .  new  species, 
from  wild  birds  in  southwestern  United  States  and  Sonora,  Mexico. 
Ann.  Entom.  Soc.  Amer. 
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Kohls,  G.  M.:  New  records  of  ticks  from  the  Lesser  Antilles.  In 
Hiimmelinck,  P.  W.  (Ed.):  Studies  of  the  Fauna  of  Curacao  and  Other 
Caribbean  Islands. 

Philip,  C.  B.:  Descriptions  of  new  Neotropical  Tabanidae  and  new 
records  for  Argentina.  Acta  zool.  lilloana.  Vol.  22 

Kohls,  G.  M.  and  Clifford,  C.  M.:   Ixodes  ( Lepid Ixodes )  kopsteini 
Oudemans,  1925,  valid  name  for  X.  (L.)  paradoxus  Kohls  and  Clifford, 
1961,  with  notes  on  distribution  and  hosts  (Acarina:  Ixodidae). 
J.  Med.  Entom. 

Philip,  C.  B.:   Family  Pelecorhynchidae.  Fascicles  in  Departamento 
de  Zoologia,  Secretaria  da  Agricultura,  Sao  Paulo.  A  Catalogue  of 
the  Diptera  of  the  Americas  South  of  tha  United  States  27. 

Philip,  C.  B.:   Further  notes  on  Oriental  Tabanidae  (Diptera).  IV. 
Descriptions  of  Cvdistomyia  and  Tabanus,  and  other  records, 
particularly  from  India  and  Sikkim.  Mem.  Vol.  Ind.  Entomol. 

Philip,  C.  B.:  The  types  of  Chilean  species  of  Tabanidae  (Diptera) 
described  by  Dr.  R.  A.  Philippi.  Rev.  Chilena  Entomologia 
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1.  Rocky  Mountain  Laboratory 

2.  Allergy  and  Immunology 

3.  Hamilton,  Montana 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 


Project  Title:  Allergy,  its  mechanisms  and  role  in  disease 

Previous  Serial  Number :  Same 

Principal  Investigators:  J.  J.  Munoz  and  J.  E.  Coe 

Other  Investigators:  R,  F.  Smith,  D.  L,  Lodmell,  and  L.  Peel 

Cooperating  Units:   None 

Other  NIH 
Personnel 


Man  Years: 

NIA.ID 
Lab.  Staff 

Assigned  to 
Project 

Guest 
Workers 

Total 

Total: 

7 

7 

Professional: 

3 

3 

Other : 

4 

4 

Project  Description: 

Objectives: 

The  aims  of  this  project  are:  l)  to  explain  the  fundamental 
differences  between  immediate  and  delayed  hypersensitivity  and  to  relate 
these  conditions  to  disease;  2)  to  study  the  function  of  various  types 
of  immunoglobulins  in  immunity  and  in  hypersensitivity;  3)  to  study 
hypersensitivity  reactions  produced  by  fragments  of  antigens  obtained  by 
enzymatic  digestion;  4)  to  investigate  the  immunoglobulin  response  to 
disease  especially  to  the  slow  virus  infections;  5)  to  study  hypersensitivity 
in  animals  infected  with  certain  slow  virus  agents. 


47 


Serial  No.  NIAID-175 


Methods  employed: 

Methods  employed  are  typical  immunological,  biochemical  biophysical 
and  serological  procedures  such  as  quantitative  precipitation,  anaphylaxis, 
Schultz-Dale  reactions,  column  chromatography,  curtain  electrophoresis, 
passive  hemagglutination,  Immunoelectrophoresis,  free  electrophoresis, 
ultracentrifugation,  density  gradient  techniques,  radioimmunoelectro- 
phoresis,  etc.   In  some  phases  of  this  work,  radiolabeled  antigens  are 
used  extensively. 

Ma.ior  findings: 

1.  Antigen  degradation  by  enzvme  action.  Cathepsins  D  and  E  were 
prepared  from  guinea  pig  spleen  and  bone  marrow.  Human  serum  albumin  (HSA) 
was  digested  by  these  enzymes  into  large  and  small  fragments  which  were 
separated  on  Sephadex  G-75 .  Antiserums  produced  in  guinea  pigs  against 
large  fragments  and  absorbed  with  native  HSA  were  specific  for  a  new 
antigenic  determinant  revealed  by  enzyme  digestion.  As  shown  by  unabsorbed 
antiserums,  the  large  fragments  still  retained  a  full  complement  of 
antigenic  determinants  to  the  native  HSA.  The  role  of  newly  exposed 
determinants  and  corresponding  antibody  in  hypersensitivity  reactions  is 
being  studied. 

Strain  13  guinea  pigs  are  less  satisfactory  than  Hartley  guinea 
pigs  for  study  of  delayed  hypersensitivity  to  HSA.  The  sensitivity  is 
generally  weaker  and  less  consistent  than  that  produced  in  Hartley  guinea 
pigs. 

Delayed  hypersensitivity  was  induced  in  Hartley  and  strain  13  guinea 
pigs  by  guinea  pig  serum  albumin  (GPSA)  in  complete  Freund's  adjuvant, 
thus  confirming  the  work  of  Benacerraf  et  al.   GPSA  digested  with 
cathepsin  D  also  induced  delayed  sensitivity  to  native  or  digested  HSA. 
Antibodies  were  detected  by  hemagglutination  of  sensitized  tanned  red 
blood  cells  only  after  many  injections  of  HSA.  At  this  time  immediate 
hypersensitivity  to  digested  or  native  GPSA  was  also  noticed.   Interestingly, 
little  or  no  delayed  hypersensitivity  to  these  antigens  was  observed. 
This  phenomenon  is  under  further  investigation, 

2.  Antibody  production  in  the  Syrian  hamster.  The  production  of 
antibody  in  the  "Syx,  '7Sy2  ^^^   Ym  classes  of  immunoglobulin  has  been 
further  defined.  Minimal  immunization  with  antigen  in  saline  induced 
antibody  confined  to  the  VSy-^  class,  whereas  similar  doses  of  antigen  in 
adjuvant  induced  antibody  found  in  both  7Sy-^   and  VSyg  globulins.  Under 
certain  conditions  more  antibody  was  produced  when  antigen  was  given  in 
saline  than  when  the  antigen  was  given  in  adjuvant.  Therefore,  the 
difference  in  immunoglobulin  response  is  not  merely  quantitative  but 
qualitative  and  related  to  the  mode  of  immunization. 
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The  yjjj  immunoglobulin  of  the  hamster  has  been  isolated  and  found 
to  have  an  S20  w  °^  20.4.   Treatment  with  2-mercaptoethanol  reduces  the 
S  value  to  approximately  7.  The  y^   has  unique  antigenic  determinants, 
as  well  as  determinants  shared  with  the  F^-^   piece  of  hamster  VSyo  and  VSy-^. 
Specific  antigen  binding  capacity  was  detected  in  the  y^   globulins  shortly 
after  immunization,  but  not  prior  to  appearance  of  7&y-^   antibody.  The  ym 
antibody  is  transient  and  usually  cannot  be  detected  1  month  after  immuni- 
zation. Quantitative  assays  showed  that  some  immunization  procedures 
caused  an  increase  in  the  ym  levels  which  were  maintained  even  after 
disappearance  of  specific  antibody  activity  in  this  class  of  globulins . 
Inoculation  of  hamsters  with  Freund's  adjuvant  (inclomplete  or  complete) 
alone  causes  an  increase  in  y^   concentration. 

3 .  Antibody  production  in  the  Peromyscus  mouse.  The  deer  mouse 
(Peromvscus  maniculatus )  produces  antibody  of  the  VSy-j^  and  7Sy2  types. 
The  VSyi  and  7Sy2  globulins  have  common  antigenic  determinants  on  their 
Fab  piece.   In  addition,  the  '7Sy2  has  a  unique  determinant  on  its  -F^, 
piece.  Antibody  activity  was  found  in  both  7Sy-]_  and  VSyg  globulins  after 
immunization  with  antigens  in  adjuvant,  but  after  immionization  with  antigen 
in  saline,  antibody  was  found  primarily  in  VSy]_.  The  anaphylactic  and 
complement -binding  functions  of  the  VSy  globulin  classes  are  being 
investigated. 

4 .  Antibody  production  in  the  guinea  pig .  Previous  work  by  others 
indicated  that  the  guinea  pig  did  not  produce  precipitating  or  hemagglutin- 
ating  antibody  after  injection  of  antigen  in  saline.  Using  the  more 
sensitive  technique  of  radioimmunoelectrophoresis,  we  found  that  antibodies 
were  produced  to  many  protein  antigens  in  saline.  The  antibodies  were 
primarily  VSy]_  globulins,  although  transient  traces  of  antibody  in  the 
7Sy2  globulins  were  also  detected. 

5.  Effect  of  heat  on  components  of  mouse  ascites  fluid.  Incubation 
of  a  mixture  of  purified  gamma  globulin  and  purified  albumin  at  75°C  for 

30  minutes  produced  a  new  eleetrophoretic  component  with  a  mobility  inter- 
mediate to  the  two  substances.  If  the  materials  were  heated  separately, 
cooled  and  then  combined,  the  new  component  was  not  visible  by  immuno- 
electrophoresis .  The  new  eleetrophoretic  component  was  demonstrated  more 
clearly  when  the  gamma  globulin  in  the  mixture  was  only  partially  purified. 
The  new  component  was  not  demonstrated  when  the  mixtures  of  purified 
globulin  and  albumin  were  heated  at  65°C  and  70°C  for  30  minutes,  although 
it  was  previously  observed  in  whole  mouse  ascites  fluid  incubated  at  these 
temperatures .  Whether  the  new  precipitation  line  is  a  specific  combination 
of  only  gamma  globulin  and  albumin  is  under  investigation. 
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6,  Immunology  of  Aleutian  disease  in  miiik.  These  investigations, 
in  collaboration  with  the  Arbo  and  Chronic  Viral  Diseases  Section,  RML, 
have  the  following  specific  objectives:  a)  the  study  of  immunoglobulin 
response  and  hypersensitivity  reactions  of  Aleutian  disease  affected  and 
normal  sapphire  and  pastel  mink  to  hen  egg  albumin,  bovine  gamma  globulin 
and  keyhole  limpet  hemocyanin;  b)  the  development  of  a  fluorescent  antibody 
test  or  other  serologic  procedure  to  measure  infection  of  mink  by  the  agent 
of  Aleutian  disease. 

Baseline  study  of  normal  mink  serum  and  preparation  of  specific 
anti-mink  and  anti-keyhole  limpet  hemocyanin  serums  has  been  completed. 
The  fluorescent  antibody  study  has  also  been  initiated  with  encouraging 
results.  We  are  attempting  to  develop  a  strong  anti-Aleutian  disease 
agent  antibody  in  mink  that  have  recovered  from  the  disease,  and  in  other 
animals  immunized  with  materials  containing  a  high  concentration  of  the 
agent , 

Significance  to  bio-medical  research  and  the  program  of  the  Institute: 

A  major  problem  in  the  field  of  hypersensitivity  and  allergy  is 
the  clarification  of  the  fundamental  differences  between  immediate  and 
delayed  hypersensitivity.  Digestion  of  antigens  by  enzymes  of  the  animals' 
own  tissues  may  give  a  clue  as  to  what  role  the  new  exposed  determinants 
play  in  hypersensitivity  in  general  and  specifically  in  delayed  reactions 
and  in  autoimmune  diseases.  Definition  of  the  types  of  immunoglobulins 
is  an  essential  step  in  relating  functions  of  immunoglobulin  to  antibody 
formation  and  disease .  Elucidating  the  factors  responsible  for  stimulating 
specific  immunoglobulins  would  enhance  our  knowledge  of  antibody  production 
and,  possibly,  the  significance  of  various  immunoglobulins  in  protecting 
against  infection.  The  complexing  of  gamma  globulin  and  albumin  may 
explain  the  blocking  and  co -precipitating  antibodies  observed  when  mouse 
peritoneal  fluid  containing  antibodies  to  egg  albumin  is  heated.   Our 
studies  on  immunoglobulins  and  skin  test  reactions  in  animals  infected 
with  chronic  viral  diseases,  such  as  Aleutian  disease  in  mink,  may  clarify 
the  nature  of  the  immune  response  in  these  diseases.  We  may  learn  whether 
hypersensitivity  and  auto-sensitization  are  important  in  the  pathogenesis 
of  chronic  virus  infections.  Development  of  fluorescent  antibody  techniques 
might  accelerate  diagnosis  of  slow  virus  infections  such  as  Aleutian  disease. 

Proposed,  course  of  project: 

The  following  studies  will  be  continued: 

1.  Role  -of  enzyme -fragmented  antigens  in  various  types  of 
hypersensitivity. 

2.  Development  of  various  types  of  immunoglobulins  in  disease  and 
their  role  in  immunity  and  hypersensitivity. 
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3.  Hypersensitivity,  Immunoglobulin  production,  and  possible  role 
of  autoimmune  reactions  In  slow  viral  Infections . 

Work  on  hypersensitivity  to  enzyme  digested  antigens  will  be 
Increased.  Studies  on  slow  viruses  will  be  Intensified.  Purification 
and  electron  microscope  studies  of  the  Aleutian  disease  agent  will  be 
Initiated. 


Honors  and  Awards : 

Dr.  J.  J.  Munoz 

Invited  to  present  one  of  the  "Phi  Zeta  lectures"  at  Iowa  State 
University. 

Invited  to  lecture  at  the  University  of  Montana,  Microbiology 
Department . 

Served  as  chairman  of  a  session  on  Medical  Immiinology  at  the 
annual  meeting  of  the  American  Association  of  Immiinologists  in 
Atlantic  City. 

Elected  a  member  to  the  Council  of  the  Western  Immunology  Society. 

Invited  to  become  a  member  of  the  Reticuloendothelial  Society. 

Courtesy  appointment  as  Faculty  Affiliate,  University  of  Montana, 
Missoula. 

Continues  as  Associate  Editor  of  the  Journal  of  Immunology. 

Dr-  J.  E.  Coe 

Invited  to  lecture  at  the  annual  meeting  of  Western  Immunologists 
in  Houston,  Texas. 

Invited  to  give  a  seminar  at  the  University  of  Chicago. 
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Publications; 


M\moz,  J.:  Nonspecific  agglutination  of  taimed  sheep  erythrocytes 
by  heat-inactivated  mouse  serum  collected  from  diluted  blood. 
J.  Immun.  98:   593-600,  Mar.  1967. 

Munoz,  J.:   Immediate  hypersensitivity  reactions  induced  in  mice 
by  active  and  passive  means.  J .  Immun .  98:  638-647,  Mar.  1967. 

Munoz,  J.:   Comparison  between  Hartley  and  strain  I3  guinea  pigs — 
antibody  production  and  delayed  hypersensitivity.  J.  Immun.  99: 
31-39,  July  1967. 

Coe,  J.  E.:  The  immune  response  in  the  hamster.  I.  Definition  of 
two  7  S  globulin  classes:  7  S  y]_  and  7  S  ^2-  J.  Immun.  100: 
507-515,  Mar.  1968. 


In  T3ress: 

Coe,   J,  E.:     Differences  in  electrophoretic  migration  of  mouse 
7  S  Y2a  ^^^  7  S  Y2b  globulins.     Proc.  Soc.  Ext).  Biol.  Med. 

Munoz,   J.:     Qualitative  gel-diffusion  analysis  in  plates.     In 
Chase,  M.   and  Williams,   C.  A.   (Eds.):     Methods  in  Immunology  and 
Immunochemistrv .     Academic   Press . 
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1.  Rocky  Mountain  Laboratory 

2.  Molecular  Biology  Section 

3.  Hamilton,  Montana 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 


Project  Title:   Immune  prophylaxis  of  mycobacterial  infections 

Previous  Serial  Number:  Same 

Principal  Investigators:  E,  Ribi  and  R.  L.  Anacker 

Other  Investigators:  W.  D.  Bickel,  R.  H.  List,  K.  C.  Milner,  M,  Niwa 
(Visiting  Associate),  and  D.  F.  Tarmina 

Cooperating  Units:  Dr.  W.  R.  Barclay,  University  of  Chicago 

Dr.  W.  Brehmer,  Robert  Koch  Institute,  Berlin,  Germany 
Dr.  John  Hanks,  Johns  Hopkins  University,  Baltimore 
Dr.  C.  L.  Larson,  University  of  Montana,  Missoula 
Dr.  Gardner  Middlebrook,  University  of  Maryland 

Medical  School,  Baltimore 
Dr.  R.J.W,  Rees,  National  Institute  for  Medical  Research, 

London,  England 
Dr.  C.  C.  Shepard,  NCDC,  Atlanta,  Georgia 

Other  NIH 
Personnel 


Man  Years: 

NIAID 
Lab.  Staff 

Assigned  to 
Project 

Guest 
Workers 

Total 

Total: 

14 

3/12 

14  3/12 

Professional: 

4  5/12 

3/12 

4  8/12 

Other: 

9  7/12 

9  7/12 

Project  Description: 

Ob.iectives;' 

To  develop  an  effective  nonliving  antituberculosis  vaccine  from 
purified  fractions  of  mycobacteria,  to  study  the  nature  of  the  immune 
response  to  these  fractions  and  to  correlate  the  immune  response  with 
delayed  tuberculin  hypersensitivity. 
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Methods  employed: 

A  variety  of  physical,  chemical  and  immunologic  techniques  was  used 
to  prepare  and  characterize  cell  walls  (CW)  or  CW  fractions  of  several 
mycobacterial  species  and  strains  and  to  assay  the  response  of  experimental 
animals  to  these  mycobacterial  fractions.  Protective  potency  of  these 
preparations  was  determined  in  mice  challenged  by  aerosol  with  virulent 
Mycobacterium  tuberculosis  H37Rv,  Distribution  of  the  vaccine  and  infecting 
bacteria  and  histopathologic  changes  induced  were  determined  by  a  combination 
of  histologic  and  radioisotopic  techniques. 

Ma.ior  findings; 

1.  Our  attempts  to  isolate  and  characterize  the  immunogen  fo'ond 
in  BCG  CW  have  continued  and  additional  progress  has  been  made ,  Previously 
it  was  reported  that  chloroform  extracts  of  BCG  CW  protected  mice  against 
aerosol  challenge  with  H37Rv,  whereas  the  CW  residue  was  inactive.  Recently 
we  learned  that  chloroform  extracts,  prepared  by  more  refined  procedures 
which  greatly  reduced  the  amount  of  contaminating  CW  debris  in  the  extract, 
were  essentially  inactive.  However,  in  repeated  experiments,  vaccines 
made  from  a  combination  of  an  inactive  CW  residue  and  an  inactive  chloroform 
extract  were  highly  potent .  At  present  we  are  attempting  to  determine 
which  of  three  alternative,  but  not  necessarily  mutually  exclusive, 
hypotheses  best  explain  our  observations:   l)  extraction  removed  an  external 
component  of  the  CW  which  enabled  an  unaltered  immunogen  in  the  CW  to 
associate  with  the  oil  and  thus  produce  an  effective  vaccine,  2)  the  immunogen 
is  chloroformi  soluble  but  is  ineffective  without  a  carrier  substance,  such 
as  the  CW,  to  bring  it  into  proper  association  with  the  oil  droplets,  or 
3)  two  or  more  factors,  such  as  an  immunogen  and  an  adjuvant,  found  in  the 
CW  residue  or  the  extract,  or  in  both,  are  necessary  for  protection. 

To  test  the  above  hypotheses  we  have,  to  date,  prepared  vaccines 
consisting  of  inactive  BCG  CW  residue  combined  with  nonspecific  lipid,  a 
pine  pollen  extract,  and  some  made  of  nonspecific  "carriers",  Escherichia 
coli  or  Corynebacteriujn  parvum  CW,  combined  with  a  chloroform  extract  of 
BCG.  None  of  the  above  combinations  afforded  significant  protection  to 
mice . 

Centrifugal  and  thin-layer  chromatographic  techniques  have  revealed 
that  thfe  chloroform  extract  contains  four  or  more  components .  As  yet  we 
have  not  determined  which  of  the  components  is  active  in  our  protection 
test . 

A  number'  of  detergents  have  been  tested  for  their  ability  to  extract 
immunogen  from  BCG.  Thus  far,  crude  extracts  obtained  from  BCG  whole  cells 
treated  with  sodium  docecyl  sulfate  (SDS),  sodium  deoxycholate,  EMSO  or 
Triton  X-100  have  been  moderately  active.  A  lipase  and  alkali  render  BCG 
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CW  essentially  inactive  in  the  protection  test.  These  results,  along  with 
our  earlier  data,  indicate  strongly  that  a  lipid  or  fatty  acid  component 
is  one  of  the  essential  components  necessary  for  activity  of  the  CW. 

2.  Others  have  suggested  that  the  potency  of  CW  vaccines  might  be 
attributed  to  contaminating  protoplasmic  ribosomes  or  RNA.  The  latter  has 
been  reported  to  protect  mice  against  intravenous  challenge  with  virulent 
tubercle  bacilli.  More  recently  it  was  reported  that  H37Ra  cells  disrupted 
in  the  presence  of  SDS,  or  treatment  of  Youmans'  particulate  fraction  with 
SDS  markedly  improved  the  efficacy  of  Youmans'  ribosomal  fraction  from 
which  the  so-called  "membrane  fraction"  has  been  removed.  It  has  also  been 
stated  that  CW  do  not  protect  mice  against  Intravenous  challenge  with 
virulent  tubercle  bacilli. 

Our  efforts  to  clarify  those  issues  led  to  the  following  results: 
l)  In  the  aerosol  challenge  test  the  potency  of  CW  treated  with  trypsin, 
RNA.se,  or  DMAse  was  not  affected  by  these  enzymes,  but  was  significantly 
reduced  by  SDS.  Similar  results  were  obtained  when  the  same  fractions 
were  examined  in  the  massive  challenge  test.   2)  We  confirmed,  although 
not  consistently,  the  appreciable  activity  of  H37Ra  ribosomes  obtained 
from  SDS-treated  whole  cell  disruption  products.  However,  when  isolated 
from  whole  cell  disruption  products  exposed  to  SDS,  highly  purified 
ribosomes  were  not  active  in  the  massive  challenge  test,  with  or  without 
incorporation  into  Freund's  adjuvant;  such  purified  ribosomes  treated  with 
SDS  were  also  ineffective . 

In  our  tests  of  Youmans'  ribosomes  ("particulate  fraction")  prepared 
by  his  earlier  procedure,  protection  could  be  attributed  to  contaminating 
viable  cells.  It  now  appears  that  the  activity  of  ribosomes  or  RNA  prepared 
by  the  SDS  procedure  is  due  to  contaminating  immunogen  from  the  cell  wall 
or  cytoplasmic  membrane . 

3 .  A  number  of  experiments  have  been  performed  to  establish  the 
relationship  between  the  immunity  induced  in  mice  by  the  BCG  CW  vaccine 
and  the  level  of  delayed  hypersensitivity.  Since  we  were  unable  to 
demonstrate  hypersensitivity  to  PPD  in  skin  of  vaccinated  mice,  we  then 
studied  the  footpad  reaction  to  PPD,  a  response  considered  to  be  a  delayed 
type  of  hypersensitivity.  Footpads  of  mice  vaccinated  intravenously  with 
oil-treated  CW  were  significantly  larger  than  those  of  unvaccinated  control 
mice  24  hours  and  48  hours  after  challenge  with  5  (ig  of  PPD.  Sensitivity, 
which  appeared  2  to  3  weeks  after  immunization  and  persisted  for  at  least 

10  weeks,  was  greater  in  mice  vaccinated  by  the  intradermal  and  subcutaneous 
routes.  Since  mice  vaccinated  by  these  latter  routes  have  little  or  no 
enhanced  resistance  to  pulmonary  infection,  the  level  of  sensitivity  to 
PPD,  as  measured  by  the  footpad  test,  appears  unrelated  to  immunity. 
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4.  The  following  findings,  some  preliminary,  have  been  obtained 
from  a  number  of  experiments  designed  to  elucidate  the  immune  mechanism(s) 
in  vaccinated  mice , 

a.  Neither  viable  lymph  node,  spleen,  nor  lung  cells  of 
vaccinated  CAF]_  mice  when  passively  transferred  to  normal  mice  of  the  same 
inbred  strain  by  the  intraperitoneal  route  24-  hours  before  challenge  were 
able  to  confer  detectable  resistance. 

b.  We  attempted  to  alter  the  pulmonary  response  to  the  vaccine 
with  drugs  and  observe  the  ability  of  the  drug-treated  mouse  to  resist 
aerosol  challenge .  Cortisone  acetate  did  not  alter  the  pulmonary 
granulomatous  response,  nor  did  it  affect  the  capacity  of  animals  to  resist 
aerosol  challenge  with  H37Rv.  In  one  experiment,  both  methotrexate  and 
busulphan  inhibited  the  granulomatous  response  in  the  lungs  of  mice  given 
the  CW  vaccine  intravenously.  Experiments  are  in  progress  to  determine 
whether  animals  whose  response  is  suppressed  in  this  manner  can  successfully 
resist  H37Rv  administered  by  aerosol. 

c .  The  concentration  of  lysozyme  in  alveolar  macrophages  of 
rabbits  inoculated  intravenously  with  oil-treated  BCG  cell  walls  was  about 
twice  as  high  as  that  in  cells  of  control  rabbits.  Extracts  of  lungs  of 
mice  vaccinated  intravenously  with  the  same  vaccine  also  contained  about 
twice  as  much  lysozyme  as  extracts  of  lungs  from  control  mice . 

d.  The  specificity  of  the  immxmity  induced  by  BCG  CW  has  been 
examined  by  challenging  vaccinated  mice  with  heterologous  pathogens.  BCG 
CW  treated  with  oil,  as  well  as  viable  BCG,  induced  in  mice  resistance  to 
infection  with  Listeria  monocytogenes  as  determined  by  survival  of  mice 

7  days  after  intravenous  challenge.  BCG  CW-immunized  mice  died  at  the  same 
rate  as  controls  when  challenged  intraperitoneally  with  Salmonella 
typhimurium.  whereas  mice  immunized  with  acetone-killed  whole  cells  of 
S.  tVDhimurium  were  protected, 

e.  The  degree  of  granulomatous  response  in  lungs  of  mice 
vaccinated  with  mycobacterial  preparations  varying  in  potency  was  correlated 
fairly  well  with  their  protective  activity.  Mice  vaccinated  with  oil- 
treated  CW  by  routes  other  than  the  intravenous  route  have  little  or  no 
enhanced  resistance .  A  study  employing  radioactive  CW  revealed  that  only 
when  the  cell  walls  were  administered  by  the  intravenous  route  was 
significant  radioactivity  and  a  local  tissue  response  detected  in  the  lung. 

f .  Resistance  of  mice  splenectomized  before  vaccination  was 
not  appreciably  impaired. 
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g.  The  capacity  of  the  mouse  to  respond  to  the  CW  vaccine  as 
measured  by  resistance  to  aerosol  challenge  with  H37Rv  is  a  fimction  of 
age .  Mice  vaccinated  within  the  first  24  hours  of  life  or  8  days  after 
birth  were  only  slightly  more  resistant  than  were  the  control  mice .  The 
ability  to  respond  maximally  was  attained  between  the  14.th  and  28th  day 
after  birth. 

h.  Attempts  to  minimize  the  pulmonary  granulomatous  response 
by  inoculation  of  viable  BCG  organisms,  CW  or  protoplasm  neonatally  have 
been  uniformly  unsuccessful.  In  fact,  mice  inoculated  neonatally  with 
the  viable  cells  or  cell  walls  seem  to  respond  to  the  CW  vaccine  at  3  weeks 
of  age  with  a  more  pronounced  granulomatous  reaction  than  controls  given 
only  saline  neonatally. 

i.  Three -week-old  mice  challenged  as  early  as  1  day  instead 
of  30  days  after  vaccination  with  BCG  CW  had  a  significantly  enhanced 
resistance.  However,  those  vaccinated  with  viable  BCG  were  susceptible 
when  challenged  1  day  later,  but  some  resistance  was  detected  when 
challenged  1  week  after  vaccination.  Maximum  resistance  was  not  observed 
in  either  group  until  3  weeks  had  elapsed  between  vaccination  and  challenge. 

5 .  A  striking  granulomatous  response  probably  related  in  some  way 
to  immunity  occurs  in  lungs,  livers  and  spleens  of  mice  immunized  with  the 
CW  vaccine .  We  therefore  observed  the  tissue  response  to  infection  in 
animals  immunized  with  different  vaccines.  Pulmonary  reactions  were  of 
most  interest  and  will  be  described. 

Limgs  of  normal  control  animals  infected  with  H37Rv  by  aerosol  have 
well  circumscribed  lesions  whose  center  4  weeks  after  challenge  contained 
both  polymorphonuclear  leukocytes  and  mononuclear  cells  with  large  nuclei 
and  pale  cytoplasm.  Peripherally,  collections  of  Ijmphocytes  were  present. 
Caseation  was  not  observed.  Most  areas  of  the  pulmonary  parenchyma  appeared 
normal  and  few  or  no  acid  fast  bacilli  were  seen  in  these  areas,  but  lesions 
contained  numerous  bacilli.  By  l6  weeks  the  lesions,  though  still  circum- 
scribed, had  areas  composed  of  cellular  debris  containing  many  bacilli  and 
infiltrated  with  many  polymorphonuclear  leukocytes.  Conspicuous  at  this 
stage  were  large  mononuclear  cells  with  distinctly  "foamy"  cytoplasm  that 
often  contained  one  or  more  acid  fast  organisms.  However,  number  of 
organisms  observed  at  this  stage  was  less  than  that  seen  at  4-  weeks. 
Apparently  the  host  had  mounted  a  defense  which  confined  invading  organisms 
to  localized  areas  and  eventually  began  destroying  them. 

In  animals  vaccinated  with  CW  in  saline,  the  events  differed  little 
from  those  in  normal  animals.  But  in  those  given  the  CW-oil  vaccine  a 
different  process  was  observed.  At  the  time  of  aerosol  challenge  a  rather 
extensive  granulomatous  reaction  was  already  present,  and  it  became  more 
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extensive  by  l6  weeks  after  challenge .  Few  or  no  acid  fast  'bacilli  were 
observed  at  any  time,  nor  did  large  cells  with  the  distinctive  "foamy" 
cytoplasm  ever  appear  in  appreciable  numbers.  In  these  animals  whose 
defenses  were  primed  by  immunization,  the  infection  with  virulent  organisms 
was  never  established. 

In  another  experiment,  the  phagocytic  capacity  of  cells  in  granu- 
lomata  induced  by  the  CW-oil  vaccine  was  investigated.  Carbon  particles 
injected  intravenously  were  taken  up  avidly  by  reticuloendothelial  cells 
in  the  liver  and  spleen  but,  surprisingly  were  not  engulfed  by  the  numerous 
mononuclear  cells  present  in  granulomas  of  the  lung,  liver  or  spleen. 

We  have  also  studied  the  lungs  of  monkeys  infected  with  small 
numbers  of  organisms  by  the  respiratory  route.   Lesions  in  nonvaccinated 
animals  differed  from  those  in  the  mouse  and  resembled  the  type  described 
for  man.  Caseation,  multinucleated  giant  cells  and  distinctive  epithelioid 
cells  were  seen.  In  addition,  only  a  few  acid  fast  organisms  were  present, 
even  in  caseous  lesions.  Lungs  from  nonimmunized  mice  infected  by  aerosol, 
on  the  other  hand,  displayed  large  numbers  of  mycobacteria  in  noncaseous 
lesions  which  had  no  giant  cells.  Lungs  from  a  monkey  inoculated  with 
oil-treated  CW  and  challenged  by  aerosol  with  virulent  organisms  contained 
small  granulomata  with  a  few  giant  cells,  but  no  caseation. 

6 .  We  reported  last  year  that  both  the  BCG  CW  vaccine  and  viable 
BCG  stimulated  far  greater  resistance  by  the  intravenous  route  than  by 
any  other  route.  Recently  we  showed  that  6  intradermal  injections  or  6 
subcutaneous  injections  of  the  oil-treated  CW,  or  2  footpad  or  subcutaneous 
injections  of  the  CW  in  Freund's  adjuvant,  all  made  within  a  3-week  period, 
failed  to  enhance  resistance  to  pulmonary  infection  with'  H37Rv.  Also, 

BCG  CW  incorporated  in  Adjuvant  65  or  alhydrogel  and  administered  intra- 
venously and  by  a  variety  of  routes  failed  to  stimulate  resistance.  Thus 
far,  the  intravenous  administration  of  oil-treated  CW  is  the  most  effective 
procedure . 

7.  A  n\imber  of  strains  of  mice  were  tested  to  determine  whether 
their  Iminune  response  to  the  BCG  CW  vaccine  varied.  So  far,  Balb/c, 
CAFi,  CDFi,  DBA/2N  and  C3H/HeN  were  protected  as  well  as  RML  mice. 
Experiments  with  C57BL/6N,  A/HeN,  and  STR/N  mice  are  now  in  progress, 

8.  In  2  separate  small-scale  tests  monkeys  were  protected  by  the 
intravenous  inoculation  of  an  M.  bovis  (strain  bovinus  I)  CW  vaccine 
against  aerosol  challenge  with  a  relatively  small  number  of  H37Rv  organisms. 
Six  to  8  weeks  after  challenge  the  3  control  monkeys  had  6  to  80  grossly 
visible  tubercles  on  their  lungs,  whereas  no  tubercles  were  visible  on  the 
surface  of  the  lungs  of  2  of  the  vaccinated  monkeys  and  the  3rd  monkey 

had  only  3  lung  lesions. 


58 


Serial  No.  NIAID-177 


9.  Under  Dr.  Barclay's  supervision,  experiments  have  been  conducted 
at  RML  to  determine  the  distribution,  persistence,  and  effect  of  the  BCG 
CW  vaccine  in  mice .  One  day  after  intravenous  inoculation  of  hydrocarbon 
treated  I'+C-labeled  BCG  GW,  19.3%  of  the  radioactivity  was  recovered  from 
the  lung,  0.6%  from  the  spleen,  and  22.2%  from  the  liver.  Four  weeks  later 
8.9%,  0.2%  and  11.7%  of  the  radioactivity  were  still  present  in  the  lungs, 
spleen  and  liver,  respectively.  When  hydrocarbon  was  deleted  from  the 
vaccine  only  half  as  much  radioactivity  was  found  in  the  organs  at  any 
given  time.  When  a  large  dose  of  CW  (300  |j.g)  was  used  the  maximum  lung 
weights  were  achieved  in  4  to  8  weeks;  with  smaller  doses  (50-100  [ig) 
maximum  lung  weights  were  not  attained  until  8  to  10  weeks. 

10.  Dr.  Brehmer  has  continued  to  compare  the  efficacy  of  different 
mycobacterial  and  nonmycobacterial  CW  preparations  in  the  mouse  protection 
test.  CW  from  two  strains  of  virulent  M.  tuberculosis  were  found  to  be 
highly  active  but  not  as  active  as  those  from  a  virulent  strain  of  M.  bovis. 
CW  of  three  strains  of  Nocardia  asteroides  and  one  strain  of  N.  farcinica. 
organisms  which  are  related  to  the  mycobacteria,  failed  to  enhance 
resistance  in  mice  to  infection  with  H37Rv.  In  addition,  CW  from 
Corynebacterium  parvum  and  C.  pseudotuberculosis  also  were  inactive  in 
this  test.  These  results  confirm  earlier  findings  that  only  CW  from 
mycobacteria  can  enhance  resistance  in  mice  to  pulmonary  infection. 

11.  Dr.  John  Hanks  of  Johns  Hopkins  University  provided  us  with  a 
purified  suspension  of  M.  lepraemurium  harvested  from  testicular  and 
Intraperitoneal  lepromas  in  rats,  and  CW  prepared  from  these  organisms 
afforded  slight  but  significant  resistance  to  mice  challenged  with  H37Rv 
by  the  pulmonary  route . 

12.  Dr.  Gardner  Mddlebrook  has  initiated  a  study  of  serioms  obtained 
from  RML  mice  vaccinated  with  mycobacterial  fractions  of  varying  potency. 
He  is  employing  a  mycobacterial  phosphatide  fraction  as  an  antigen  in  an 
indirect  hemagglutination  test  to  assess  the  role  of  anti-phosphatide 
antibodies  in  resistance  in  mice. 

13 .  Several  experiments  have  been  undertaken  in  collaboration  with 
Dr.  Shepard  of  NGDC  and  one  in  collaboration  with  Dr.  Rees  of  the  National 
Institute  for  Medical  Research,  London.  Mice  inoculated  intradermally  with 
as  little  as  50  i-ig  of  oil-treated  BCG  CW  were  as  resistant  as  mice  vaccinated 
with  viable  BCG  when  challenged  by  footpad  inoculation  of  M.  lepyae  and 
examined  6  to  9  months  later.  CW  not  treated  with  oil  gave  no  protection. 
Lymph  node  enlargement  after  intradermal  vaccination  was  distinctly  less 
with  CW  vaccines  than  with  BCG. 
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14.  We  are  currently  cooperating  in  a  project  of  the  World  Health 
Organization  supervised  by  Dr.  Donald  Smith  to  evaluate  the  effectiveness 
of  antituberculosis  vaccines.  At  present  we  are  comparing  the  potency  of 
5  different  vaccines  in  mice  challenged  by  the  pulmonary  or  by  the  intra- 
venous route .  Hopefully  the  results  of  a  variety  of  tests  of  these  vaccines 
in  a  nvunber  of  laboratories  will  permit  selection  of  the  most  active  vaccine 
currently  available . 

Significance  to  bio-medical  research  and  the  program  of  the  Institute: 

Our  efforts  to  isolate  and  characterize  the  CW  imraunogen  have  been 
unsuccessful,  but  we  have  demonstrated  that,  so  far,  a  vaccine  must  contain 
two  or  more  components  to  be  effective:   l)  a  chloroform  soluble  component, 
and  2)  an  ether,  ethanol  and  chloroform  insoluble  component.  We  have  not 
yet  determined  whether  each  component  plays  a  specific  and  necessary  role 
or  whether  one  of  the  components  may  be  replaced  by  a  nonspecific  substance. 
Because  of  the  apparent  requirement  for  two  separate  and  distinct  components 
in  a  biologically  active  system,  it  is  easy  to  understand  why  investigators 
found  that  the  activity  of  fractions  varied  inversely  with  the  degree  of 
purification. 

Although  we  have  not  identified  either  of  the  two  components,  o\ir 
findings  permit  us  to  speculate  on  the  nature  of  these  substances.  These 
components  probably  are  neither  protein  nor  nucleic  acid,  since  treatment 
of  CW  with  proteolytic  enzymes  and  nucleases  does  not  appreciably  affect 
their  protective  effect .  Since  one  component  is  chloroform  soluble  and 
since  activity  of  the  CW  is  destroyed  or  removed  by  a  lipase  and  by  treat- 
ment with  alkali ,  at  least  one  component  is  probably  lipid  in  nature .  We 
have  not  ruled  out  the  possibility  that  one  of  the  components  is  a 
polysaccharide . 

Our  characterization  of  the  immune  response  of  the  mouse  is  too 
incomplete  to  allow  us  to  draw  meaningful  conclusions .  In  some  respects 
resistance  induced  by  oil-treated  CW  is  similar  to  that  stimulated  by 
conventional  antibacterial  vaccine.  The  neonatal  animal  responds  poorly 
and  maximum  resistance  in  older  animals  does  not  develop  \XQtil  2  to  3 
weeks  after  vaccination.  Results  which  militate  against  the  suggestion 
that  antibody  is  solely  responsible  for  immunity  are  l)  resistance  cannot 
be  passively  transferred  with  serum,  2)  removal  of  one  of  the  principal 
antibody  synthesizing  organs,  the  spleen,  does  not  adversely  affect  the 
development  of  the  resistant  state,  and  3)  the  transfer  of  immunocompetent 
lymph  node  and  spleen  cells  from  resistant  to  normal  mice  also  fails  to 
protect  the  recipient  mice.   "Nonspecific"  factors  which  may  play  a  role 
in  resistance  in  vaccinated  mice  are  the  elevated  cellular  lysozyme  level 
and  the  granulomatous  response  in  the  lungs  and  other  tissues.  Perhaps 
these  last  two  factors  explain  the  enhanced  resistance  of  the  vaccinated 
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mouse  to  heterologous  challenge  with  L.  monocytogenes .  Obviously,  many 
other  experiments,  preferably  involving  the  use  of  the  purified  active 
components,  must  be  performed  in  order  to  determine  the  nature  of  the 
essential  responses  of  the  mouse  to  the  CW  immunogen. 

So  far  the  immunity  engendered  in  mice  given  oil-treated  CW  in 
single  or  multiple  doses  by  routes  other  than  the  intravenous  one  has  been 
weak.  Adjuvants  did  not  improve  the  immune  response.  In  preliminary 
experiments,  monkeys  were  well  protected  by  moderate  doses  of  oil-treated 
CW  given  intravenously,  thus  far  the  only  route  tested.  Regardless  of 
the  outcome  of  the  experiments  with  monkeys  and  other  animals,  we  can  not 
predict  how  man  will  respond  to  the  CW  vaccine.  Man  is  innately  highly 
resistant  to  tuberculosis  and  his  capacity  to  respond  to  immunologic 
stimuli  is  well  developed;  conceivably  man  can  respond  sufficiently  to 
the  nonviable  CW  vaccine  given  peripherally  to  prevent  the  development  of 
clinical  disease. 

On  the  other  hand,  the  ability  of  mice  inoculated  intradermally 
with  oil-treated  BCG  CW  to  resist  footpad  infection  with  M.  leprae  has 
been  very  encouraging.  Because  of  the  well  known  cross-reactivity  of 
antigens  among  mycobacteria  the  possibility  exists  that  BCG  CW  may  serve 
as  a  satisfactory  and  effective  vaccine  against  leprosy.  Of  great  practical 
significance  is  the  fact  that  CW  of  BCG  can  be  prepared  relatively  simply 
in  great  quantities,  whereas  those  of  M.  leprae  can  be  prepared,  at  least 
at  present,  in  minute  quantities  only. 

Proposed  course  of  project: 

One  of  our  principal  goals  continues  to  be  the  isolation  and 
characterization  of  the  mycobacterial  CW  immunogens .  By  the  use  of 
centrifugal  chromatographic  and  other  techniques,  it  is  hoped  that  the 
essential  component  in  the  chloroform  extract  can  be  isolated  and 
identified;  extraction  of  the  CW  residue  will  be  continued  in  attempts 
to  solubilize  and  isolate  the  other  component ( s ) .  Also,  fractionation  of 
phosphatide  preparations  of  mycobacteria  will  be  continued  by  the  centrif- 
ugal chromatographic  technique  in  an  effort  to  obtain  a  pure  and  specific 
antigen  for  use  in  the  serodiagnosis  of  tuberculosis . 

Additional  experiments  will  be  conducted  to  explore  further  the 
nature  of  the  immunity  induced  by  the  CW  vaccine .  Investigations  of  the 
effect  of  immunosuppressive  agents,  of  the  resistance  of  mice  given 
"immune"  cells  and  serum,  of  the  in  vitro  behavior  of  "immune"  macrophages, 
and  of  the  antibody  response  of  vaccinated  mice  will  lead  to  a  clearer 
understanding  of  immune  response  in  mice . 
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Provided  that  facilities  become  available,  the  protective  potency 
of  the  CW  vaccine  in  monkeys  administered  by  various  routes  will  be 
determined.  The  monkeys,  like  our  mice,  would  be  challenged  with  a  small 
number  of  virulent  mycobacteria  by  the  respiratory  route . 


Honors  and  Awards: 

Dr.  R.  L.  Anacker 

Invited  to  participate  in  the  conference  on  "The  Biology  of  the 
%-cobacterioses"  sponsored  by  the  U.S. -Japan  Cooperative  Medical 
Science  Program  in  cooperation  with  the  New  York  Academy  of  Sciences, 
New  York,  October  1967. 

Dr.  E.  Ribi 

Invited  to  present  a  seminar  on  "Centrifugal  Mlcroparticulate  Bed 
Chromatography  of  Lipids",  NIH,  Bethesda,  Md.,  September  1967. 

Invited  to  participate  in  the  conference  on  "The  Biology  of  the 
lyiycobacterioses"  sponsored  by  the  U.S. -Japan  Cooperative  Medical 
Science  Program  in  cooperation  with  the  New  York  Academy  of  Sciences, 
New  York,  October  1967. 

Invited  to  present  a  paper  at  the  symposium  on  "The  Immunology  of 
W^cobacteria",  Borstel,  Germany,  October  1967. 

Invited  to  present  a  paper  at  the  Annual  Meeting  of  the.  Montana 
Tuberculosis  A-ssociation,  Helena,  Montana,  May  1968. 

Continued  as  Member,  Tuberculosis  Panel  of  the  U.S. -Japan  Cooperative 
Medical  Science  Program. 

Continued  as  Member,  Special  Study  Section,  Leprosy-Tuberculosis 
Review  Committee,  Division  of  Research  Grants,  NIH. 

Dr.  P.  F.  Tarmina 

Invited  to  participate  in  the  conference  on  "The  Biology  of  the 
Mycobacterioses"  sponsored  by  the  U.S. -Japan  Cooperative  Medical 
Science  Program  in  cooperation  with  the  New  York  Academy  of  Sciences, 
New  York,  October  1967. 
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Publications; 


Ribi,  E.  and  Larson,  C.:  Disruption  of  bacteria  and  isolation  of 
antigens  with  special  reference  to  the  preparation  of  an  anti- 
tuberculosis cell  wall  vaccine ,   In  International  Symposium  on 
Biotechnical  Developments  in  Bacterial  Vaccine  Production,  Stockholm 
1965:  Svmp.  Series  immunobiol.  Standard.  Basel/New  York,  S.  Karger, 
1966,  vol.  3,   pp.  51-60, 

Anacker,  R,  L.,  Barclay,  W.  R.,  Brehmer,  W.,  Larson,  C.  L.,  and 
Ribi,  E.:  Duration  of  immunity  to  tuberculosis  in  mice  vaccinated 
intravenously  with  oil-treated  cell  walls  of  Mycobacterium  bovis 
strain  BCG.  J.  Immun.  98:  1265-1273,  June  1967. 

Barclay,  W.  R.,  Anacker,  R.,  Brehmer,  W.,  and  Ribi,  E.:  Effects 
of  oil-treated  mycobacterial  cell  walls  on  the  organs  of  mice . 
J.  Bact.  9-4:   1736-174-5,  Nov.  1967. 


In  press: 

Brehmer,  W.,  Anacker,  R.  L.,  and  Ribi,  E.:   Immunogenicity  of  cell 
walls  from  various  mycobacteria  against  airborne  tuberculosis  in 
mice.   J.  Bact. 

Shepard,  C.  C.  and  Ribi,  E.:  Cell  walls  from  Mycobacterium  tubercu- 
losis (BCG)  as  vaccine  against  Mycobacterium  leprae  infections  in 
mice.  Proc ■  Soc.  Exp.  Biol.  Med. 

Ribi,  E.,  Anacker,  R.  L.,  Barclay,  W.  R.,  Brehmer,  W.,  Middlebrook,  G, 
Milner,  K.  C.,  and  Tarmina,  D.  F.:  Structure  and  biological  functions 
of  mycobacteria.  Ann.  N.Y.  Acad.  Sci. 


63 


Serial  No.  MIAID-178 

1 .  Rocky  Mountain  Laboratory 

2.  Molecular  Biology  Section 

3.  Hamilton,  Montana 

PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 

Project  Title:  Structure  and  biologic  activity  of  endotoxins 

Previous  Serial  Number:   Same 

Principal  Investigators:  E.  Ribi  and  J.  A.  Rudbach 

Other  Investigators:  W.  D.  Bickel,  D.Y.L.  Leong  (NIH  Postdoctoral  Fellow), 
K,  C.  Milner,  M.  Niwa  (Visiting  Associate),  and 
D.  F.  Tarmina 

Cooperating  Units:   Dr.  0.  Luderitz,  Max-Planck-Institut  fiir  Immunobiologie , 
Fre  iburg ,  Ge rmany 
Dr.  E.  Neter  and  Dr.  H.  Y.  Whang,  State  University  of 
New  York  School  of  Medicine,  Buffalo 

Other  NIH 
Personnel 


Man  Years: 

NIAID 
Lab.  Staff 

Assigned 
Project 

to 

Guest 
Workers 

Total 

Total: 

8  5/12 

8  5/12 

Professional: 

3  5/12 

3  5/12 

Other: 

5 

5 

Project  Description: 

Objectives: 

To  investigate  the  features  of  composition  and  structure  of  bacterial 
endotoxins  (ET)  required  for  expression  of  characteristic  host  reactivity. 

Methods  employed: 

A  combination  of  biophysical,  physical,  chemical,  and  imjnunological 
approaches  has  been  employed. 

Ma.ior  findings: 

1.  Further  attempts  were  made  to  identify  the  factor  (s)  in  normal 
human  plasma  responsible  for  detoxification  of  ET.  Since  previous  attempts 
to  isolate  and  purify  the  factors  by  standard  procedures  failed  repeatedly, 
a  novel  approach  was  undertaken.  ET  from  varying  enterobacterial  strains 
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were  incubated  in  human  plasma  long  enough  for  partial  inactivation  of 
ET,  and  then  specific  anti-ET  serums  were  added.  The  precipitates  were 
collected,  washed  7  times,  and  injected,  with  complete  Freund's  adjuvant 
into  rabbits.  After  appropriate  intervals,  the  rabbits  were  bled  and 
their  seriims  used  for  the  immune  phase  of  Immunoelectrophoresis,  wherein 
normal  human  plasma  was  the  antigen.  In  about  half  of  the  rabbits, 
precipitating  antibodies  developed  against  two  human  plasma  antigens. 
One  has  been  tentatively  identified  as  p-^C   globulin  and  the  other,  a 
faster  migrating  protein,  is  unidentified.  Both  proteins  are  present  in 
the  two  Cohn  fractions  of  human  plasma  which  alter  ET  (ill  and  IV-l). 

2.  A  continued  interest  in  the  site  of  ET  synthesis  in  entero- 
bacterial cells  prompted  a  thorough  investigation  of  the  ET  content  of 
protoplasmic  fractions.  The  aqueous  phase  of  a  phenol-water  extract  or 
the  alcohol  precipitate  of  a  pronase  digest  of  protoplasm  was  fo\ind  to 
contain  10  times  more  ET  than  that  detectable  in  the  original  protoplasm. 
This  finding  indicated  that  ET  in  protoplasm  was  incomplete  or  that  it 
was  masked  and  rendered  inactive  by  binding  to  protoplasmic  materials. 
The  latter  possibility  was  tested  by  incubating  ET  with  protoplasm  before 
assay  for  activity.  In  no  case  was  detoxification  demonstrable.  However, 
if  ET  were  dissociated  with  bile  salt  and  protoplasm  from  homologous  or 
heterologous  enterobacterial  strains  added  before  dilution  of  the  bile 
salt,  significant  reduction  in  biological  activity  occurred.  Thus, 
materials  were  present  in  protoplasm  of  Gram-negative  bacteria  which, 
under  appropriate  conditions,  could  mask  endotoxic  activity. 

3.  The  study  of  hybrid  ET  molecules  described  in  last  year's 
report  was  continued.  Enterobacterial  ET  formed  hybrids  with  ET  from 
Bordetella  pertussis;  however,  no  evidence  of  hybrid  formation  could  be 
detected  between  enterobacterial  ET  and  those  from  Brucella  abortus  and 
B.  suis.  Also,  ET  which  had  been  detoxified  by  ethanolic  alkali  or 
hydroxylaminolysis  (as  described  below)  would  not  form  hybrids  with  potent 
ET.  Attempts  to  reverse  the  hybridization  process  met  with  only  limited 
success,  both  with  our  own  hybrid  preparations  and  also  with  the  genetic 
hybrids  of  Dr.  0.  Liideritz. 

4.  Another  joinb project  was  initiated  with  Drs .  Whang  and  Neter 

in  Buffalo,  N.  Y.,  who  have  been  trying  to  characterize  the  common  entero- 
bacterial antigen  (CA).  Of  several  preparations  of  Salmonella  enteritidis 
ET  provided  them  one  type  has  yielded  the  purest  CA  yet  obtained.  We 
also  prepared  varying  types  of  cell  extracts  for  them,  in  an  attempt  to 
anatomically  localize  the  CA.  Apparently  all  of  the  CA  is  in  the  cell  wall. 

5.  As  projected  last  year,  investigations  of  tolerance  to  the 
host-reactive  properties  of  ET,  particularly  as  related  to  or  affected  by 
the  presence  of  specific  antibody  in  ET -treated  animals,  have  been 
initiated.  Observations  thus  far  have  been  restricted  to  fever  responses 
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of  mature  rabbits  to  ET  given  intravenously.  Fever  was  quantitated  in 
terms  of  fever  index  (Fl),  the  area  under  the  fever  curve  when  plotted 
and  measured  in  a  standard  manner.  Besides  numerous  baseline  experiments 
which  have  been  performed,  the  principal  method  of  study  has  involved 
time-dose  experiments  in  which  antibody  responses  were  measured  in  parallel 
with  the  development  of  tolerance  and  its  passive  transfer.  Rabbits 
•prepared  with  one  FI/q  (dose  giving  fever  index  of  40  cm^)  of  ET  from 
either  B.  pertussis.  Serratia  marcescens.  or  Salmonella  enteritidis  were 
equally  tolerant  (average  Fl  =  10-11  cm^)  to  an  FI^q  <iose  of  ET  from 
S.  enteritidis  given  24  hours  later.  After  7  days,  however,  the  rabbits 
were  tolerant  only  to  the  ET  with  which  they  had  been  prepared.  Serums 
obtained  7  days  after  a  single  exposure  to  ET  transferred  tolerance 
passively  much  better  than  24 -hour  serums,  although  the  donor  animals 
themselves  were  more  tolerant  after  the  24 -hour  interval.  In  general, 
the  efficiency  of  serums  in  transferring  tolerance  passively  ran  parallel 
to  the  content  of  specific  antibody,  and  this  ability  was  reduced  by 
absorption  of  antibody  with  nontoxic  0-specific  substance  (native  proto- 
plasmic polysaccharide).  The  most  effective  reagent  tested  for  transferring 
tolerance  passively  was  serum  of  rested  hyperimmune  animals  obtained  7  days 
after  a  booster  injection.  Rabbits  so  prepared  with  ET  from  S.  enteritidis 
were  remarkably  tolerant  to  challenge  with  the  homologous  ET  but  showed 
no  increase  in  tolerance  to  ET  from  B.  pertussis.   It  was  never  possible, 
however,  to  achieve,  by  passive  transfer,  the  marked  depression  of  fever 
response  seen  in  actively  tolerant  animals.  We  conclude  that  there  are 
probably  two  or  more  distinct  mechanisms  by  which  the  signs  of  tolerance 
to  bacterial  pyrogen  may  be  produced,  and  that  at  least  one  of  these  is 
mediated  by  specific  antibody. 

6.  Last  year  we  reported  that  detoxification  of  ET  was  accelerated 
and  a  decrease  in  fatty  acid  ester  content  occurred  when  ethanol  or 
dimethylsulf oxide  (DMSO)  was  substituted  for  water  as  the  menstruum  for 
treatment  of  Escherichia  coli  0111 :B4  ET  with  mild  alkali.  This  finding 
was  confirmed  for  two  other  kinds  of  ET,  i.e.,  an  aqueous  phenol  extract 
of  E.  coli  0113  and  an  aqueous  ether  extract  of  S.  enteritidis.   In  all 
cases  the  rate  of  detoxification  was  rapid  in  ethanol  and  DMSO,  but 
sluggish  in  water.  Although  decrease  in  fatty  acid  ester  content  and 
toxicity  always  occurred,  the  rates  of  decrease  were  so  irregular  that  a 
causal  relationship  could  not  be  shown  between  lipid  content  and  toxicity. 
Controls  carefully  neutralized  immediately  after  the  addition  of  alkali 
had  a  considerable  decrease  in  fatty  acid  ester  without  significant  loss 
in  biological  activity.  Chemical  analyses  and  physical  measurements  of 
the  alkaline  products  degraded  in  water,  ethanol,  and  DMSO  were  studied 
comparatively..  Even  in  the  completely  inactivated  products  no  significant 
change  in  heptose,  KDO,  or  other  sugar  components  was  found,  while  fatty 
acid  ester  and  0-acetyl  contents  were  greatly  reduced.  Ultracentrifugal 
analyses  revealed  dissolution  of  the  huge  ET  particle  into  smaller  macro- 
molecules  as  the  degradation  proceeded.  Physical  measurements  of  hydrpxyl- 
aminolyzed  E.  coli  0111 :B4  ET  indicated  a  molecular  weight  of  6-7  X  10  ; 
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this  molecule  could  then  be  dissociated  by  sodium  deoxycholate  to  1  X  10'^ 
molecular  weight  subunits.  In  qualitative  precipitation  and  immunodiffusion 
tests  the  alkali  degraded  products  reacted  with  the  homologous  antiserum. 
In  haemagglutination  test  the  DM30  products  and  ethanol  products  were 
effective  in  much  lower  concentration  than  treated  original  endotoxin, 

7,  Other  workers  have  reported  that  ET  from  a  heptose-less  mutant 
of  Salmonella  minnesota  contained  only  KDO  and  lipid  A,  and  others  purified 
an  endotoxic  glycollpid  from  this  preparation.  Experiments  were  undertaken 
to  determine  whether  this  glycollpid  is  the  biologically  active  principle 
of  ET.  A  crude  glycollpid  fraction,  which  gave  a  characteristic  tailing 
spot  on  thin-layer  chromatography,  had  rather  weak  (about  l/lOO  of  a  good 
ET)  activity.  Another  preparation  provided  by  Dr,  0.  Liideritz  and  a 
preparation  obtained  by  a  different  procedure  were  more  active  than  the 
glycollpid,  but  gave  no  tailing  spot  on  thin-layer  chromatography. 
Furthermore,  the  solubilities  of  these  preparations  varied  in  several 
organic  solvents.  Direct  extraction  of  aqueous  phases  with  chloroform- 
methanol  or  pyridine  yielded  active  preparations  which  showed,  in  addition 
to  the  tailing  spot,  non-movable  spots  or  bands  in  thin-layer  and 
centrifugal  chromatographic  studies.  These  results  seem  to  raise  a  serious 
question  about  the  identity  of  the  claimed  glycollpid  with  the  active  endo- 
toxic principle  of  the  heptose-less  mutant. 

8,  ET  from  heptose-less  mutants  of  S,  minnesota  and  S.  tvphimurium 
are  less  toxic  and  antigenic  than  ET  from  the  parent  organisms.  An  ET 
from  a  heptose-less  mutant  was  tested  for  its  capacity  to  enhance  the 
primary  antibody  response  of  mice  to  bovine  gamma  globulin  (BGG).  The 
deficient  ET  increased  both  the  rate  and  the  magnitude  of  the  antibody 
response,  when  compared  to  the  response  of  mice  receiving  BGG  alone, 

9,  Colloidial  gold  stain  of  ET.  See  Project  179. 

Significance  to  bio-medical  research  and  the  program  of  the  Institute; 

Unequivocally,  ET  contributes  to  the  pathogenesis  of  disease  states 
in  man  and  animals.  Little  is  still  known  about  the  mechanism  by  which 
mammals  combat  an  endotoxemia,  or  of  types  of  direct  therapy  (as  distin- 
guished from  supportive  therapy)  to  be  used  for  combating  endotoxic  shock. 
During  the  past  year  we  have  continued  investigations  on  two  mechanisms 
which  have  been  shown  to  detoxify  ET.  Since  the  original  observation 
over  20  years  ago,  research  on  the  reaction  of  normal  plasma  with  ET  has 
been  stymied  because  the  plasma  components  which  bind  with  ET  could  not 
be  identified;  However,  the  novel  approach  which  we  have  employed  should 
facilitate  a  fruitful  inquiry  into  this  mechanism. 
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The  study  of  tolerance  to  the  pyrogenicity  of  ET  is  a  departure 
from  our  usual  preoccupation  with  the  physical  and  chemical  structure  of 
ET.  Possession  of  a  nontoxic  material  capable  of  precipitating  most  of 
the  0-antibody  from  serum,  together  with  experience  and  excellent  equipment 
for  assaying  fever  responses,  led  naturally  into  this  field.  Our  results 
tend  to  reconcile  conflicting  observations  reported  by  others.  Specific 
0  antibody  can  modify  ET  fever  in  the  manner  characteristic  of  tolerance. 
The  same  signs  of  tolerance  may  also  be  produced  by  means  which  have  not 
been  demonstrated  to  involve  immunological  specificity.  Our  findings 
also  show  that  the  qualitative  change  in  the  fever  curve  by  which  tolerance 
has  been  commonly  recognized  is  a  dose-related  phenomenon  that  may  be 
expressed  numerically  by  average  fever  indices. 

In  addition  to  our  continuing  efforts  on  the  above  two  ET -altering 
mechanisms,  we  discovered  that  a  material  is  present  in  bacterial  protoplasm 
which  can,  under  certain  circumstances,  reduce  the  toxicity  of  ET.  This 
material  will  have  to  be  characterised  before  the  full  significance  of  its 
discovery  can  be  assessed. 

The  only  portion  of  the  ET  which  has  been  well  characterized 
chemically  is  the  sequence  of  sugars  comprising  the  antigenic  determinants 
of  0-specificity.  The  investigation  on  the  mechanism  of  hybrid  formation, 
that  of  the  effect  of  alkaline  degradation  of  ET,  and  the  characterization 
of  ET  which  lacks  the  normal  0-specific  polysaccharides  have  indicated  the 
presence  of  other  components  which  are  necessary  for  biological  activity. 
At  this  time  the  identity  of  these  structures  cannot  be  established,  but 
certainly  our  data  have  shown  that  the  oversimplified  structural  models  of 
the  toxophoric  glycolipid,  currently  in  vogue,  are  incorrect.  Most  probably 
a  lipoid  material  does  play  a  role  in  establishing  conformational  stability 
of  the  toxic  moiety  of  ET,  but  certainly  little,  if  any,  toxic  material  is 
■entirely  lipoid.  Also,  it  is  evident  that  gross  analyses  of  lipid  will  not 
provide  an  explanation  for  the  toxicity  of  ET.  However,  the  hybrid  ET  and 
modifications  of  the  hybridisation  technique  could  provide  new  tools  for 
r-cVualing  th:  essential  structure  of  ET. 

Proposed  course  of  nro.iect: 

.','ith  methods  developed  over  the  past  year  the  factors  in  human 
pl^Lcma  and  bacterial  protoplasm  which  bind  ET  will  be  investigated  in  order 
to  establish  their  potential  significance  as  detoxifiers. 

To  complete  the  work  on  pyrogenic  tolerance  it  will  be  desirable 
to  (a)  purify  the  0  antibodies  from  a  hyperimmune  serum  in  order  to 
determine  more  directly  v/hether  the  transfer  factor  is  predominantly 
antibody  or  some  other  component  of  serum;  (b)  separate  immunoglobulins 
and  assay  their  activity;  (c)  perform  absorption  experiments  with  native 
protoplasmic  polysaccharide  in  vivo  in  hyperimmunised  animals;  (d)  repeat 
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a  number  of  experiments  with  other  materials  in  order  to  assure  ourselves 
that  the  observations  represent  general  phenomena;  (e)  extend  the  same 
pattern  of  investigation  to  other  host-reactive  properties  of  ET  such  as 
lethality  and  primary  inflammatory  action  in  the  skin. 

The  role  of  lipoid  components  for  maintenance  of  the  structural 
configuration  of  ET  will  be  assessed  by  determining  if  naturally  synthe- 
sized or  degraded  bacterial  products  can  bind  to  ET  under  conditions  in 
which  hybrid  formation  occurs.  By  isolating  the  lipoid  materials  from 
bacteria  grown  with  a  '^C-carbon  source,  the  binding  reaction  can  be 
determined  readily.  Also,  efforts  to  reverse  the  hybridization  process 
will  be  continued  to  further  our  own  knowledge  of  ET  structure . 

The  preliminary  results  on  the  adjuvant  action  of  ET  low  in  immuno- 
genicity  and  toxicity  are  part  of  an  expanding  effort  on  our  part  to 
investigate  some  of  the  beneficial  activities  of  ET.  These  studies  will 
be  continued  and  extended  to  include  a  study  on  ET  as  models  for  antigenic 
competitors.  Also,  along  these  lines,  a  Gram-positive  organism, 
Corvnebacterium  parvum  has  been  reported  to  possess  a  potent  adjuvant. 
The  active  material  will  be  isolated  from  these  cells,  characterized  and 
tested  for  toxicity  and  similarities  to  endotoxic  adjuvants. 


Honors  and  Awards: 

Dr.  J.  A.  Rudbach 

Courtesy  appointment  as  Faculty  Affiliate,  University  of  Montana, 
Missoula . 

Invited  to  give  a  seminar  at  University  of  Michigan,  Ann  Arbor. 

Invited  to  give  a  seminar  at  LCI,  NIAED. 

Invited  to  give  a  seminar  at  University  of  California,  Los  Angeles. 

Publications: 

Rudbach,  J.  A.,  Milner,  K.  C.,  and  Ribi,  E.:  Hybrid  formation 
between  bacterial  endotoxins,  J.  Exp.  Med.  126:  63-79,  July  1,  1967, 

Tarmina,  D.  F.,  Milner,  K.  C,  Ribi,  E.,  and  Rudbach,  J.  A.: 
Reaction  of  endotoxin  and  s\irfactants .  II.  Immunologic  properties 
of  endotoxins  treated  with  sodiiom  deoxycholate .  J .  Immun .  100: 
<42^4-450,  Feb.  1968. 
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1.  Rocky  Mountain  Laboratory 

2.  Molecular  Biology  Section 

3.  Hamilton,  Montana 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 


Project  Title:   The  role  of  morphological  elements  of  microorganisms  in 
immunity  and  related  phenomena 

Previous  Serial  Number:  Same 

Principal  Investigators:   E.  Ribi  and  K.  C.  Milner 

Other  Investigators:   V/.  D.  Bickel,  M.  Niwa  (Visiting  Associate),  and 
J,  A.  Rudbach 


Cooperating  Units: 


Mr.  C.  J.  Filz,  Ivan  Sorvall,  Inc.,  Hamilton,  Montana 
Dr.  F.  G.  Jarvis,  Idaho  State  Univ.,  Pocatello 
Venereal  Disease  Research  Lab.,  NCDC,  Atlanta,  Ga.: 

Dr.  D.  S.  Kellogg 

Mr.  J.  E.  Martin 

Mr.  W.  L.  Peacock 

Mr.  G,  Reising 
Dr.  B.  Prescott,  LM,  NIAID 


Other  NIH 
Personnel 


Man  Years: 

NIAID 
Lab.  Staff 

Assigned  to 
Project 

Guest 
Workers 

Total 

Total: 

3  8/12 

4/12 

4 

Professional: 

2  2/12 

4/12 

2  6/12 

Other: 

1  6/12 

1  6/12 

Project  Description: 

Objectives: 

The  activities  of  this  project  include  collaborative  studies  with 
investigators  from  other  institutes,  especially  those  who  are  interested 
in  applying  our  biophysical  approaches  to  their  specific  investigations, 
and  studies  initiated  by  the  regular  staff  of  the  section  in  which 
morphological  considerations  play  a  key  role. 
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Methods  employed: 


A  combination  of  biophysical,  biochemical,  and  immunological 
techniques  has  been  employed.  Problems  requiring  development  of  new 
apparatus  or  methodology  or  involving  specialized  uses  of  the  electron 
microscope,  analytical  ultracentrif uge ,  gradient  centrifugation,  or  Sorvall 
•cell  fractionator  are  ordinarily  assigned  to  this  project. 

Ma.ior  findings: 

1.   In  collaboration  with  four  guest  workers  from  NCDC  who  spent 
4-5  weeks  at  RML  last  summer,  we  attempted  to  isolate  a  specific  antigen 
from  human  pathogenic  strains  of  Neisseria  gonorrhoeae .  Various  fractions 
extracted  from  the  cell  walls,  protoplasm,  and  whole  cells  were  tested  for 
reactivity  with  rabbit  antiserum  to  the  virulent  gonococcus  and  with  human 
serums  from  clinical  cases  of  gonorrhea.  All  serums  were  heat  inactivated 
and  absorbed  with  sheep  erythrocytes,  N.  f lava .  and  N.  meningitidis  D 
to  remove  nonspecific  antibodies  which  might  react  in  the  test  system. 
Attempts  were  made  to  attach  the  various  antigen  preparations  to  sheep  red 
blood  cells,  as  determined  by  agglutinating  the  cells  with  the  specifically 
absorbed  serums.  Using  these  techniques,  no  specific  antigen  could  be 
detected  in  extracts  of  N.  gonorrhoeae  cell  walls;  only  extracts  of  the 
protoplasm  or  of  whole  cells  were  active.  Furthermore,  as  judged  from  the 
method  which  had  to  be  used  to  attach  the  active  antigen  to  red  cells,  the 
active  antigen  does  not  appear  to  be  protein,  but  polysaccharide,  lipid, 
or  a  complex  molecule ,  The  antigen  would  withstand  boiling  for  2  l/2  hours 
in  pH  7.-4  phosphate  buffer,  could  be  extracted  from  whole  cells  by  2^ 
sodium  deoxycholate  (NaD),  was  found  in  the  phenol  phase  of  a  phenol -water 
extract  of  whole  cells,  and  was  precipitated  by  ethanol.  The  highest 
hemagglutination  titers  (I/16O)  were  obtained  with  cells  sensitized  by 
extracts  from  the  protoplasm  or  whole  cells  of  N.  gonorrhoeae  strain  I83-TI. 
A  radioisotope  precipitation  test  was  used  to  increase  the  sensitivity  of 
the  procedure  with  strain  I83-TI  of  N.  gonorrhoeae  grown  in  a  medium 
containing  -^"^C  glucose .  The  cells  were  extracted  with  2%  NaD;  the  nucleic 
acids  were  removed  from  the  extract  and  the  ethanolic  precipitate  was 
collected,  dialyzed,  and  lyophilized.  After  incubating  the  •'-'^C-labeled 
gonococcal  extract  with  the  human  serum  samples,  rabbit  anti-human  globulin 
was  added.  Following  an  appropriate  incubation,  the  precipitates  were 
collected  by  centrifugation,  and  ratios  of  radioactivity  in  the  precipitates 
to  that  in  the  supernatant  fluids  were  established.  Eleven  of  the  12  serum 
samples  which  registered  above  an  arbitrary  baseline  level  were  from  known 
cases  of  gonorrhea  and  all  7  samples  below  this  level  were  from  samples  of 
presumed  negative  serums . 
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2.  After  another  year  of  intensive  work,  the  utility  of  centrifugally 
accelerated  chromatography  through  closed  colujims  of  microparticulate 
adsorbents  has  been  confirmed,  and  substantial  progress  toward  adaptation 
of  the  method  for  general  use  can  be  reported.  Significant  items  in  the 
development  of  method  and  design  of  equipment  follow. 

a.  Substitution  of  metal-to-metal  seals  for  metal-to-glass 
0-ring  connections  in  the  centrifuge  adaptor  assembly  has  eliminated 
troublesome  leaks  and  breakage  hazards  resulting  from  damage  to  0-rings 
by  the  solvents  employed. 

b.  Suitable  conditions,  such  as  solvent  mixtures  and  time  and 
force  of  centrifugation,  have  been  determined  for  several  classes  of  lipids. 
Various  proportions  of  chloroform  and  methanol  were  more  suitable  than 
benzene  for  chromatography  of  polar  lipids.  Inclusion  of  a  small  percentage 
of  water  {l-A%)   was  necessary  to  effect  solution  of  certain  of  these  lipids; 
in  other  cases,  however,  addition  of  water,  although  compatible  with  solvent 
value,  changed  the  rates  of  migration  and  interfered  with  separations. 
Obviously,  rigorous  control  of  moisture  in  samples  and  adsorbents,  as  well 
as  in  solvents,  is  required. 

c .  Scaling  up  from  the  small  col-onms  suitable  for  qualitative 
separations  to  those  necessary  for  preparative  work  has,  thus  far,  pro- 
ceeded more  smoothly  than  expected.  The  separation  of  bands  in  5-mm 
columns  has  been  at  least  as  sharp  as  that  obtained  in  2-mm  columns. 

Successful  applications  of  the  method  include  the  following: 

a.  Separation  of  polar  phospholipids  from  mycobacteria. 
Phosphatidyl  inositol  pentamannoside  fractions  G  and  K,  isolated  by 
Pangborn  from  a  pyridine  extract  of  IV^cobacterium  tuberculosis  H37Rv,  and 
a  similar  fraction  obtained  from  BCG  by  Middlebrook  appeared  to  be  chroma- 
tographically  pure,  or  nearly  so,  in  thin-layer  chromatography  (TLC). 
These  substances  have  specific  haptenic  activity  useful  in  hemagglutination 
tests ,  Migration  in  TLC  was  brought  about  only  with  developing  solvents 
containing  high  concentrations  of  acetic  acid,  which  destroyed  the  activity 
of  the  fractions.  These  fractions  were  studies  in  centrifuged  columns  of 
silica  gel  with  the  aid  of  mild  solvents.  In  chloroform-methanol,  usually 
with  a  small  proportion  of  water  included,  migration  occurred  readily,  and 
from  3  to  10  or  more  components  could  be  resolved  in  each  fraction.   It 
then  appeared  that  the  haptenic  activity  could  be  attributed  to  certain 
shared  components . 

b.  Separation  of  lipids  from  Mycor>lasma  pneumoniae.  Crude  and 
refined  lipoid  fractions  obtained  from  this  organism  by  Prescott  have  been 
studied  in  centrifuged  columns.  With  these  fractions,  in  particular, 
anhydrous  solvents  were  required  to  achieve  separation,  whereas  in  other 
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cases  a  small  amount  of  water  was  needed.  The  resolution  of  the  method 

is  illustrated  by  finding  3  distinct  components  in  a  fraction  that  migrated 

as  a  single  spot  in  TLC, 

c.  Chromatography  of  "glycolipids"  from  Enterobacteriaceae . 
Recently  endotoxic  preparations  from  rough  salmonellae  have  been  reported 
to  be  pure  glycolipids,  devoid  of  the  normal  polysaccharide  components. 
We  have  made  such  extracts  according  to  the  directions  of  three  leading 
workers  in  the  field  and  have  studied  an  authentic  sample  furnished  by 
Dr.  Liaderitz.  The  centrifugal  method  resolves  these  into  multiple 
components.   Our  evidence  suggests  that  the  glycolipid  which  migrates  in 
TLC  is  an  inactive  contaminant  and  that  the  endotoxic  material  remains  at 
the  point  of  origin. 

3 .  During  the  course  of  a  study  on  ultrastructure  of  the  endotoxin 
molecule,  a  unique  staining  method,  developed  for  studying  cellulose  fibers, 
was  used  successfully  for  the  first  time  on  a  lipopolysaccharide  preparation. 
This  technique  involved  the  reduction  of  gold  chloride  to  colloidal  gold 
in  a  solution  containing  the  lipopolysaccharide.  Theoretically,  the 
colloidal  gold  is  excluded  from  the  crystalline  portions  of  the  molecule 
and  impregnates  only  the  amorphous  areas .  When  preparations  of  endotoxin 
were  stained  and  examined  by  electron  microscopy,  three  portions  of  the 
polymer  took  up  the  colloidal  gold.  The  edges  of  the  molecule,  which 
appeared  150-170  S  apart,  were  heavily  stained  and  an  area  in  the  center 
of  the  molecule  was  lightly  stained.  When  the  same  endotoxin  preparation 
was  positively  stained  with  uranyl  acetate-osmic  acid  or  negatively_stained 
with  phosphotungstate,  the  width  of  the  molecule  was  only  60  to  80  A. 
Thus,  of  five  stainable  parts  of  the  molecule  visualized,  two  probably 
contained  lipoid  material  and  these  were  separated  by  and  bounded  by 
amorphous  areas . 

Significance  to  bio-medical  research  and  the  TJrogram  of  the  Institute: 

1.  The  results  of  the  joint  project  with  the  workers  from  NCDC 
demonstrate  the  successful  application  of  techniques  developed  with  an 
experimental  model  system  to  a  practical  system  of  public  health  importance. 
An  antigen  specific  for  pathogenic  strains  of  N.  gonorrhoeae  was  extracted 
from  the  protoplasm  of  these  cells  and  was  partially  purified  and  charac- 
terized. Results  of  tests  with  this  antigen  and  a  limited  number  of  serums 
indicate  that  both  passive  hemagglutination  and  radioisotope  precipitation 
tests  could  be  used  as  serologic  tests  for  gonorrhea. 

2.  The  development  of  chromatography  on  microparticulate  adsorbents 
in  centrifuged  columns,  although  originally  undertaken  to  further  our  own 
projects,  appears  to  provide  an  important  new  tool  for  the  separation  of 
macromolecules .  The  unprecedented  resolution  which  has  already  been 
achieved  with  it  and  the  great  "maneuverability"  which  is  inherent  in  the 
system,  as  well  as  widespread  expressions  of  interest,  indicate  that  the 
method  will  find  general  applications  far  beyond  our  immediate  concerns. 
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3 .  Adaptation  of  the  colloidal  gold  staining  method  to  endotoxins 
provides  another  tool  for  studying  the  ultrastructure  of  these  molecules 
and  possibly  for  the  study  of  other  macromolecules  of  bio-medical  importance. 
Until  further  studies  have  been  completed,  final  interpretations  of  the 
electron  microscopic  observations  of  endotoxins  stained  with  colloidal 
gold  cannot  be  made.  However,  the  preliminary  observations  indicate  that 
'endotoxin  may  have  a  tertiary  structure  somewhat  different  from  that  which 
we  have  previously  hypothesized. 

Proposed  course  of  pro.iect: 

Collaboration  is  continuing  with  the  CDC  group  on  the  development 
of  serologic  tests  for  gonorrhea.  They  are  expected  to  be  guest  workers 
here  again  in  the  summer  of  1968  for  further  studies  on  fractionation 
of  the  gonococcus  and  preparation  of  antigens.  They  are  also  actively 
carrying  out  a  program  in  Atlanta  which  stems  from  the  work  done  here . 

In  addition  to  continuing  some  of  the  applications  of  centrifugal 
chromatography  already  indicated,  members  of  the  section  intend  to 
participate  in  the  development  of  fool-proof  apparatus  and  procedures  to 
make  the  method  generally  available  to  laboratory  workers .  This  is  the 
longer  and  harder  task.  Additional  applications  which  are  thought  to  be 
feasible  will  extend  the  method  to  separation  of  proteins,  lipoproteins, 
bile  salts,  and  steroids. 

Studies  of  the  fine  structure  of  endotoxin  are  to  be  continued 
with  the  gold-staining  techniques.  Morphological  comparison  of  endotoxins 
from  wild  type  and  mutant  cultures,  as  projected  last  year,  can  probably 
be  resumed  in  the  near  future .  The  poor  yields  from  mutant  cultures 
required  scaling  up  of  our  fermentation,  harvesting  and  disruption 
equipment.   Inadequate  air  supply  and  other  technical  difficulties  have 
hampered  our  effort  but  appear  to  be  on  the  way  to  solution. 

Dr.  F.  G.  Jarvis  (Idaho  State  University,  Pocatello)  is  making  a 
new  series  of  preparations  of  Vi  antigen  which  he  plans  to  send  here .  We 
will  study  the  biological  properties  in  parallel  with  sedimentation  behavior 
in  the  ultracentrifuge .  There  is  good  reason  to  believe  that  a  correlation 
exists  between  activity  and  a  particular  rapidly  sedimenting  component  of 
the  preparations,  but  we  wish  to  establish  beyond  doubt  whether  this  is 
true  or  not . 

Several  outstanding  investigators  have  expressed  a  desire  to  work 
on  special  problems  in  the  Molecular  Biology  Section,  RML,  and  it  is 
probable  that  some  of  them  will  arrive  and  contribute  to  this  project  in 
the  coming  year . 
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Honors  and  Awards: 

Dr.  K.  C.  Milner 

Courtesy  appointment  as  Faculty  Affiliate,  University  of  Montana, 
Missoula. 

Invited  to  give  seminar  at  University  of  Montana,  Missoula,  Dec.  6. 

Chairman  of  Nominating  Committee,  Division  of  Medical  Microbiology 
and  Immunology,  American  Society  for  Microbiology, 

Convener  of  session  on  toxins  at  annual  convention  of  American  Society 
for  Microbiology,  Detroit,  May  9. 


Publications: 

Martin,  D.  G,,  Jarvis,  F.  G.,  and  Milner,  K.  C.:   Hhysicochemical 
and  biological  properties  of  sonically  treated  Vi  antigen, 
J.  Bact.  94:   1411 -14l6,  Nov,  1967. 

Ribi,  E.  and  Milner,  K.  C.:  Disruption  of  bacteria  for  preparation 
of  antigens  and  whole  cell  walls.  In  Chase,  M.  and  V/illiams,  C.  A, 
(Eds,):  Methods  in  Immunology  and  Immunochemistry.  New  York, 
Academic  Press,  Inc , ,  1967,  vol,  1,  pp.  13-28. 
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1.  Rocky  Moimtain  Laboratory 

2.  Arbo  and  Chronic  Viral 
Diseases  and  Serological 
Technology  Sections 

3.  Hamilton,  Montana 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 


Project  Title:  The  encephalitides 

Previous  Serial  Number:   Same 

Principal  Investigator:   L.  A.  Thomas 

Other  Investigators:   C.  M.  Eklund  and  W.  A.  Rush 

Cooperating  Units:  Dr.  Althea  Burton,  University  of  Saskatchewan, 
Saskatoon,  Canada 
Malheur  County  Health  Department,  Vale,  Oregon 
Oregon  State  Department  of  Health,  Portland 

Other  NIH 
Personnel 


Man  Years: 

NIAID 
Lab.  Staff 

Assigned 
Project 

to 

Guest 
Workers 

Total 

Total: 

3  11/12 

1/12 

4 

Professional: 

1  6/12 

1/12 

1  7/12 

Other: 

2  5/12 

2  5/12 

Project  Description: 

Objectives: 

Major  objectives  in  this  project  are:   l)  to  determine  the  role  of 
cold-blooded  vertebrates  in  the  ecology  of  Western  equine  encephalitis 
(WEE)  virus;  2)  to  determine  mechanism(s)  of  maintenance  of  WEE  and  St. 
Louis  encephalitis  (SLE)  viruses. 
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Methods  employed: 

Standard  procedures  are  iised  in  virus  Isolation,  virus  identification, 
hemagglutination,  hemagglutination- inhibition  (HAI),  complement-fixation 
(CF)  and  neutralization. 

During  the  year,  the  role  of  frogs  in  the  ecology  of  WEE  virus 
was  emphasized.  Frogs  were  collected  in  Montana,  Idaho,  North  Dakota 
and  WEE  endemic  areas  in  Saskatchewan  and  held  in  the  laboratory  at  4°C 
for  testing  for  virus .  Special  attention  was  focused  on  uniform  methods 
of  processing  and  testing  for  virus . 

Ma.i'or  findings: 

1.  Cold-blooded  vertebrates  in  the  ecology  of  WEE  virus.  All 
attempts  to  isolate  WEE  virus  from  blood  and/or  other  tissues  (including 
eggs)  from  approximately  l60  leopard  frogs  were  unsuccessful.  All 
specimens  were  inoculated  into  less-than  1-day-old  chicks  and  subpassage 
was  made  by  inoculating  liver  suspensions  into  additional  chicks. 

2.  Antibodies  for  WEE  and  SLE  viruses  in  man  and  horses .  Man. 
WEE  CF  and  HAI  antibodies  were  demonstrated  in  one  serum  from  Montana, 
HAI  antibodies  in  3  serums  (one  each  from  Montana,  Idaho  and  South 
Dakota).  SLE  CF  and  HAI  antibodies  were  demonstrated  in  serums  from  two 
individuals  -  one  from  Oregon  and  one  from  Nebraska  who  recently  returned 
from  Gijyana  and  had  been  ill.  (The  response  may  have  been  due  to  a  group 
B  virus  other  than  SLE).  Horses .  A  significant  rise  in  CF  antibodies 
against  WEE  was  demonstrated  in  paired  serums  of  15  horses.  Of  91  serums 
from  57  animals,  WEE  CF  and  HAI  antibodies  were  demonstrated  in  4-1  and 
only  HAI  antibodies  in  31.  SLE  CF  and  HAI  antibodies  were  detected  in  5, 
CF  only  in  1,  and  HAI  only  in  7. 

3.  Bird  studies  in  Vale.  Oregon.  Bloods  from  84.  nestlings  and 
21  adult  birds  of  many  species  and  eggs  from  18  nests  of  local  birds 
were  negative  for  virus . 

4.  Mosquito  isolations  in  Vale ^  Oregon.  490  overwintered  Culex 
tars alls  collected  before  mosquito  reproduction  have  not  yet  been  tested 
for  virus .  C.   tars alls  were  collected  throughout  the  summer  in  pigeon- 
baited  traps  at  two  sites  and  tested  for  virus.  Pigeons  were  bled 
periodically  for  antibody  determinations.  At  site  1,  4,401  C..  tars  alls 
gave  10  isolations  of  SLE  virus  and  4  of  WEE.  At  site  2,   2,187 

C.  tarsalis  gave  2  isolations  of  SLE  and  1  of  WEE. 
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5.  Antibodies  in  sentinel  pigeons  in  Vale.  Oregon.  At  site  1, 
3  of  6  pigeons  acquired  WEE  antibodies,  the  earliest  on  July  22,  and 
all  converted  to  SLE  on  July  22.  At  site  2,  2  of  6  pigeons  had  become 
infected  with  WEE  and  4.  of  6  with  SLE.  Antibodies  were  initially  found 
on  Augiost  12  and  September  1,  respectively.  It  is  apparent  that  some 
pigeons  were  exposed  to  both  viruses .  These  included  2  at  site  1  and  2 
at  site  2. 

6.  WEE  and  SLE  antibodies  in  human  serums  from  Vale.  Oregon. 
212  serums  were  tested  in  1967  and  153  in  1968.  As  determined  from 
tests  of  serums  of  14?  persons  sampled  both  years,  1  acquired  WEE 
antibodies  and  4  developed  SLE  antibodies  within  the  past  year. 

7 .  EnceDhalitis  surveillance  in  Montana.  Mosquito  traps  were 
operated  at  the  request  of  Montana  State  Health  Department  near  Glasgow 
and  Roundup  during  July  and  Ai:igust  1967.  At  Glasgow  there  were  18 
isolations  of  WEE  from  2,191  C.  tars alls  and  2  from  559  miscellaneous 
Aedes .  At  Ro-undup  there  were  no  isolations  from  556  C..  tarsalis  and 
143  Culex  pipiens . 

8.  Experimental  inoculation  of  goldfish.  Four  goldfish  were 
inoculated  IP  with  about  104  suckling  mouse  ID50  of  WEE  virus.  Spleen, 
heart,  and  brain  were  negative  at  4,  8,  12  and  I6  days. 

Significance  to  bio-medical  research  and  the  program  of  the  Institute; 

The  role  of  cold-blooded  vertebrates  in  the  ecology  of  WEE  virus 
still  remains  questionable.  Recently  published  data  by  other  investigators 
indicate  that  this  group  of  vertebrates  may  be  a  reservoir  for  WEE  virus . 
The  particular  significance  of  our  findings  is  that  this  hypothesis  has 
yet  to  be  supported. 

The  rate  for  WEE  virus  isolations  from  mosquitoes  (O.8/IOOO)  was 
unusually  low  for  Vale,  Oregon.  That  for  SLE  (I.8/IOOO)  was  one  of  the 
highest  on  record.  This  is  opposite  to  the  usual  WEE:SLE  ratio  and  is 
reminiscent  of  1962,  the  only  other  year  when  such  a  reversal  occurred. 
Furthermore,  in  1967,  first  detection  of  SLE  virus  in  mosquitoes  was  on 
July  10,  only  3  days  after  first  isolation  of  WEE.  This  is  the  earliest 
SLE  isplation  recorded  from  any  study  area  and  is  especially  significant 
in  view  of  the  known  much-earlier  appearance  of  WE   in  all  places  where 
both  viruses  are  present.  The  low  isolation  rate  for  WEE  and  high 
isolation  rate  for  SLE  viruses  were  associated  with  corresponding  antibody 
conversion  rates  in  man. 
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Proposed  course  of  -pro.lect: 


Studies  of  cold-blooded  vertebrates  in  the  ecology  of  WEE  virus 
will  continue .  Frogs  experimentally  inoculated  with  WEE  virus  will  be 
tested  for  viremia,  persistence  of  virus  in  various  tissues  and  antibody 
response.  Continued  collaboration  with  Dr.  Burton  is  needed  to  determine 
the  factors  responsible  for  failure  or  success  in  isolating  WEE  virus 
from  frogs  collected  in  nature. 


Honors  and  Awards : 

Mr.  W.  A.  Rush 

Invited  to  give  a  paper  on  mosquito-borne  encephalitis  at  the  annual 
meeting  of  the  Northwest  Mosquito  and  Vector  Association. 

Invited  to  serve  on  the  panel  on  arboviruses  at  International 
Northwest  Conference  on  Diseases  in  Nature  Communicable  to  Man 

(INCDNCM). 

Elected  secretary  of  INCDNCM. 

Dr.  L.  A.  Thomas 

Elected  member-at-large  of  INCDNCM. 


Publications: 

Rush,   W.  A.   and  Tempelis,    C.  H.:      Biology  of  Culex  tarsalis  during 
the  spring  season  in  Oregon  in  relation  to  western  encephalitis 
virus.     Mnsmiito  News  27:      307-315,   Sept.   1967. 

In  press: 

Eklund,  C.  M.:  Infectious  encephalitis.  In  Top,  F.  H.  (Ed.): 
Communicable  and  Infectious  Diseases .  St.  Louis,  C.  V.  Mosby, 
ed.  6,  1968. 
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1.  Rocky  Moimtain  Laboratory 

2.  Medical  Entomology  and 

Acarology  Section 

3.  Hamilton,  Montana 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 


Project  Title:   Tick-home  diseases 

Previous  Serial  Number:  Same 

Principal  Investigators:   C,  M.  Clifford  and  C.  E.  Yunker 

Other  Investigators:   L.  E,  Hughes,  G,  M.  Kohls,  C,  B.  Philip, 
J.  A.  Rudbach,  and  L.  A.  Thomas 

Cooperating  Units:  Mr.  J.  Bushman,  Deseret  Test  Center,  Ft.  Douglas,  Utah 
Dr.  R.  Goulding,  Oregon  State  University,  Corvallis 
Mr.  R.  A.  Gresbrink,  Oregon  State  Board  of  Health, 

Portland 
Dr.  D.  E.  Sonenshine,  Old  Dominion  College,  Norfolk,  Va. 


Man  Years: 

NIAID 
Lab.  Staff 

Other  NIH 
Personnel 
Assigned  to 
Project 

Guest 
Workers 

Total 

Total: 

4  8/12 

4  8/12 

Professional: 

1 

1 

Other: 

3  8/12 

3  8/12 

Project  Description 
Objectives: 

To  determine  the  incidence,  distribution  and  ecology  of  tick-borne 
diseases  that  influence  man  and  domestic  animals  in  the  United  States . 
Of  equal  importance  is  the  investigation  of  the  vector  relationships  of 
the  increasing  number  of  viruses  known  or  thought  to  be  associated  with 
ticks . 
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Methods  employed: 

Field  and  laboratory  approaches  include  conventional  and  specialized 
entomological,  ecological,  virological  and  immunological  techniques . 

Ma.jor  findings; 

During  the  year  plans  for  these  studies  were  disrupted  by  the 
\intimely  death  of  one  of  the  principal  investigators.  The  project  had 
to  be  reassessed  and  priorities  assigned  to  each  of  the  sub-projects. 
The  following  simimarizes  results  obtained  from  the  projects  that  were 
continued: 

1.  Tick-borne  diseases  in  northwestern  United  States .  The  main  aim 
of  this  project  was  to  determine  if  Powassan  virus  occurs  in  northwestern 
U.S.  This  virus  was  not  isolated,  however  other  significant  results  were 
obtained .  Most  ticks  were  collected  in  Oregon,  mainly  due  to  the  excellent 
cooperation  obtained  from  Mr.  Robert  Gresbrink  of  the  Oregon  State  Board 

of  Health.  The  following  isolates  were  made  from  I36  pools  tested:   5 
strains  of  Colorado  tick  fever  (CTF)  virus  from  Dermacentor  andersoni 
collected  at  various  locations  and  1  from  D.  occidentalis  from  Douglas 
County;  1  strain  of  Francisella  tularensis  from  D.  occidentalis  taken  near 
Gold  Beach;  and  a  rickettsia  of  the  RMSF  group  from  Ixodes  pacificus 
collected  in  an  area  near  Tillamook.  The  last  is  noteworthy  because  it 
is  the  first  isolate  of  FiMSF  rickettsia  from  this  species  of  tick. 
Details  are  included  in  Project  No.  171. 

2.  Viruses  and  argasid  ticks .  A  virus  was  obtained  from  Argas 
coolevi  collected  from  swallow  nests  and  from  Ixodes  howelli  taken  at  the 
same  time  in  Granite  County  in  western  Montana.  Neutralization  tests 
performed  to  date  indicate  that  this  virus  is  a  new  agent. 

Studies  on  the  identity  and  biology  of  4  soft-tick  viruses  isolated 
in  1966  have  been  continued .  The  tentative  identification  of  an  agent 
isolated  from  Omithodoros  capensis  from  Midway  Island  as  Nyamanini  virus 
has  been  confirmed  by  CF  and  neutralization  tests.  The  other  3  isolates 
are  being  passed  in  suckling  mice  to  increase  the  titer  s-uf ficiently  for 
a  CF  antigen.  Results  of  limited  tests  suggest  that  at  least  1  isolate 
may  be  1  of  4  viruses  indigenous  in  our  motise  colony. 

Last  summer  we  were  forttmate  to  obtain  about  3  dozen  juvenile 
sooty  and  noddy  terns  which  were  used  to  perform  viremia  experiments  with 
soft-tick  viruses.  In  an  initial  experiment  4-. 26  suckling  mouse  (SM) 
LD50  °f  Hughes  viriis  or  6.79  SM  LD50  of  Johnston  Atoll  viruses  were 
injected  subcutaneous ly  into  both  sooty  and  noddy  terns.  Virus  was 
detected  in  the  blood  of  both  sooty  and  noddy  terns  inoculated  with  Hughes 
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virus  from  4-8  to  2^0  hours  postinoculation.  The  titer  varied  from  10-'^ 
to  as  high  as  103.4-0  during  this  period.  .  Only  slight  amounts  (highest 
titer  lO-'^*^^)  of  Johnston  Atoll  virus  were  detected  in  the  blood  of  these 
birds .  One  surviving  bird  inoculated  with  Hughes  virus  had  no  detectable 
neutralizing  antibodies;  however,  all  those  receiving  Johnston  Atoll  virus 
had  detectable  neutralizing  antibodies  in  their  blood,  one  with  3  logs 
protection. 

This  past  year  a  survey  was  made  of  most  islands  off  the  Oregon 
coast  that  have  sea  birds  nesting  on  them.  From  this  initial  survey  3 
islands  were  selected  for  more  intensive  study:  Three  Arch  Rock  off 
Tillamook,  Hunter  and  Goat  Islands  near  Gold  Beach.  From  preliminary 
trips  to  2  islands  some  significant  parasite  records  were  established: 
l)  several  new  flea  records  were  established;  2)  a  species  of  tick, 
Ixodes  uriae .  was  found  on  these  islands  several  himdred  miles  from  where 
it  had  previously  been  reported;  and  3)  ^  genus  of  chigger  was  foimd  that 
is  not  known  from  northwestern  U.S. 

3.  Host-preferences  for  preimaginal  ticks.  Since  last  report, 
additional  tests  for  retention  of  identifiable  host-proteins  in  two 
species  of  flat  adult  ticks  were  made.  Most  D.  andersoni  of  both  sexes 
were  positive  for  host-proteins  129  days  after  feeding  (109  days  after 
molting  to  the  adult  stage).  However,  marked  differences  in  retention 
were  seen  between  species  of  ticks,  between  sexes  of  some  species  and, 
to  a  certain  extent,  among  ticks  feeding  en  different  species  of  hosts. 
Some  few  instances  of  carryover  of  identifiable  host-protein  from  the 
larval  feeding  were  noted,  and  more  extensive  testing  of  this  phenomenon 
is  underway.  Antiserums  have  been  prepared  against  serum  proteins  of 
most  mammal  species  indigenous  to  the  Mill  Canyon  study  area.  In  3,200 
individual  tests  cross-reactivity  was  evaluated.  Cross-absorbtions  of 
serums  producing  heterologous  reactions  will  be  carried  out  in  preparation 
for  testing  field-collected  specimens.  Blood  meals  from  156  wild-caught 
flat  adult  D.  andersoni  were  prepared  for  testing  and  were  freeze-stored. 
From  individual  tests  of  these  ticks  in  suckling  mice  9  isolations  of 
CTF  virus,  confirmed  by  CF  test,  were  made.  When  antisenms  have  been 
cross-absorbed,  blood  meals  will  be  thawed  and  tested,  hopefully  providing 
evidence  of  hosts  that  donated  virus  to  the  ticks. 

.4.  Re lease -re capture  experiments  with  radiolabeled  ticks.  The 
feasibility  of  recapturing  radiolabeled  ticks  was  studied  in  continued 
field  trials.  In  early  July,  30,600  marked  larvae  were  released  in  a 
1.8  acre  study  area  in  Mill  Canyon,  near  Hamilton,  Montana,  according 
to  a  re lease -re capture  plot  devised  by  Dr.  Sonenshine.  Small  mammal 
hosts  were  trapped,  examined,  and  released  during  the  following  five 
weeks.  Recaptures  of  most  marked  larvae  occurred  during  the  first  trapping 
week  and  ceased  by  the  end  of  the  third  week.  Of  l,l68  ticks  collected. 
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22  (1.7^)  were  radioactive.  Approximately  172,000  larvae  per  acre  was 
the  resulting  crude  estimate  of  population  density.  Recaptured  ticks 
were  distinctively  marked  and  easily  separated  from  natural  populations. 
The  recapture  success  and  infestation  rate  are  considered  high  in 
comparison  with  studies  done  in  Virginia  by  Dr.  Sonenshine. 

Significance  to  bio-medical  research  and  the  program  of  the  Institute: 

The  number  of  viruses  associated  with  argasid  ticks  continues  to 
expand.  Last  year  we  reported  the  finding  of  a  virus  of  the  Quaranfil 
group  from  the  central  Pacific.  This  agent  had  previously  been  known 
only  from  Africa.  In  recent  studies  we,  have  determined  that  one  of  our 
recent  isolates  is  related  to  Nyamanini  virus,  another  agent  that  had 
previously  been  reported  only  from  Africa.  Laboratory  studies  are  being 
conducted  on  the  behavior  of  these  viruses  in  their  natural  host  in  an 
attempt  to  determine  their  method  of  circulation  in  nature  and  to  learn 
more  about  methods  for  detecting  their  presence.  The  studies  on  the 
ectoparasites  on  sea  birds  on  the  Oregon  coast  have  already  yielded  several 
new  distribution  records  that  may  help  to  explain  how  these  agents  have 
been  spread  throughout  the  world . 

Feasibility  of  recapture  of  radiolabeled  ticks  in  the  field  has 
been  demonstrated.  Endurance  of  identifiable  host-protein  in  adult  ticks 
that  had  fed  129  days  previoiisly  provides  evidence  that  this  method  will 
be  applicable  to  field  studies.  These  approaches  are  applicable  to 
questions  of  tick -population  dynamics,  dispersal,  life  cycles  under 
nonlaboratory  conditions,  as  well  as  to  host-preferences  and  pathogen 
donors  for  immatures . 

Proposed  course  of  •project: 

The  study  to  determine  if  Powassan  virus  is  present  in  northwestern 
U.S.  (primarily  Oregon)  will  be  continued  for  another  year.  The  collection 
of  blood  samples  from  majiimals  from  different  localities  in  Oregon  will  be 
given  priority.  At  the  same  time  further  trips  to  the  offshore  islands 
on  the  Oregon  coast  are  planned.  Due  to  the  untimely  death  of  Dr.  Gordon 
Clark  both  of  the  above  studies  were  not  given  an  adequate  trial  during 
the  1967-68  season. 

'  Work  on  the  isolation  and  characterization  of  viruses  associated 
with  soft  ticks  will  continue.  If  possible,  studies  will  be  conducted 
on  the  behavior  of  these  various  agents  in  their  natural  hosts. 

Field  tests  on  recovery  of  radiolabeled  ticks  will  be  renewed  on 
a  larger  scale  with  the  objectives  of  l)  estimating  population  size  of 
D.  andersoni.  2)  measuring  tick  dispersal,  and  3)  detecting  overwinter 
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survival  of  tagged  individuals  and/or  transstadial  transfer  of  label. 
Further  laboratory  studies  of  precipitin  identification  of  preadult 
ticks  will  be  made  with  laboratory  conditions  adjusted  to  simulate  winter 
field  conditions.  Field  trials  are  anticipated  this  year. 


Honors  and  Awards: 

Dr.  C.   M.  Clifford 

Invited  to  present  talk  on  tick  studies  to  the  Northwest  Mosquito 
and  Vector  Control  Association, 

Dr.  C.  E.  Yunker 

Invited  to  present  talk  on  tick  studies  to  the  Northwest  Mosquito 
and  Vector  Control  Association. 


Publications : 

Eklund,  C.  M.:  Arbovirus.  In  Prier,  J.  E.  (Ed.):   Basic  Medical 
Virology.  Baltimore,  Md.,  The  Williains  and  Wilkins  Co.,  1966, 
pp.  342-384. 

In  press: 

Bell,  J.  F.:   Tick-borne  fever  (Pasture  Fever).  In  Davis,  J.  (Ed.): 
Wildlife  Diseases.  Ames,  Iowa,  Univ.  of  Iowa,  Iowa  Press. 

Clifford,  C.  M.,  Thomas,  L.  A.,  Hughes,  L.  E.,  Kohls,  G.  M.,  and 
Philip,  C.  B.:   Identification  and  comparison  of  two  virus  isolates 
from  ticks  of  the  genus  Omithodoros .  Amer.  J.  Trop.  Med. 

Philip,  C.  B.:  Acarine-bome  human  diseases  of  North  America. 
WHO  Bull. 

Philip,  C.  B.:  Acarina  and  public  health:  An  introduction. 
WHO  Bull. 

Sonenshlne,  D.  E.  and  Clark,  G.  M.:   Field  trials  on  radioisotope 
tagging  of  ticks .   J.  Med.  Entom. 
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1.  Rocky  Mountain  Laboratory 

2.  Epidemiology  Section 

3 .  Hamilton,  Montana 


PHS-NIH 
Individual  Project  Report 
July  1,  1967  through  June  30, 


Project  Title:  The  epidemiology  of  human  infections  of  special  interest 

Previous  Serial  Number:   Same 

Principal  Investigator:  R.  N.  Philip 

Other  Investigators:   Elizabeth  Casper,  R.  K.  Gerloff,  and  L.  A.  Thomas 

Cooperating  Units:  Dr.  B.  C.  Farrand,  Health  Officer,  Garfield  County,  Mont, 
Dr.  A.  B.  Greaves,  Northwest  Central  Venereal  Disease 
Clinic,  District  of  Columbia  Department  of  Health, 
Washington,  D.C. 
USPHS,  Division  of  Indian  Health,  Billings  Area 

Other  NIH 
Personnel 


Man  Years: 

NIAID 
Lab.  Staff 

Assigned  to 
Project 

Guest 
Workers 

Total 

Total: 

2  6/12 

2  6/12 

Professional: 

1  1/12 

1  1/12 

Other: 

1  5/12 

1  5/12 

Project  Description: 

Objectives: 

Studies  in  this  project  are  directed  toward  acquiring  basic 
information  about  the  epidemiology  and  prophylaxis  of  human  infections 
caused  by  agents  of  special  interest  to  RML. 

Methods  employed: 

Field  investigations  coordinated  with  diagnostic  services  by  the 
Epidemiology  and  Serological  Technology  Sections  are  emphasized.  The 
methods  used  are  standard  epidemiologic,  statistical  and  diagnostic 
laboratory  procedures.  As  the  situation  warrants,  specialized  laboratory 
techniques  for  diagnosis  are  utilized. 
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Ma.ior  findings: 

1,  Tularemia .  Studies  on  skin  sensitivity  to  Francisella  tularensis 
were  conducted  during  the  year  on  a  human  population  in  a  sheep-raising 
area.  A  higher  incidence  of  tularemia  has  occurred  over  the  last  40  years 
in  sparsely  settled  Garfield  County  than  any  other  county  in  Montana. 
Source  of  infection  was  usually  ticks  ( Dermacentor  andersonl)  or  sheep. 

The  most  recent  epizootic  in  sheep  and  an  outbreak  in  man  occurred  in  I964. 

In  a  survej''  publicized  by  telephone  and  coverage  in  a  local  newspaper 
365  volunteers  of  all  ages  {lB%   of  the  county  population)  were  skin  tested 
and  24  {7%)   were  reactors.  The  highest  reaction  rates  were  found  among 
adult  males  occupationally  exposed  to  sheep.  In  this  high  risk  group  14 
(24^)  of  58  persons  were  reactors.  Through  histories  obtained  from  all 
persons,  only  4  reactors  reported  clinical  tularemia,  10  others  remembered 
unidentified  illnesses  occurring  during  lambing  or  sheep-shearing  activities 
which  could  have  been  tularemia,  and  10  could  not  recall  tularemia-like 
illness . 

2.  Serologic  studies  of  trachoma  and  lymphogranuloma  venereum  (LGV) . 
Various  procedures  were  compared  for  their  ability  to  detect  antibodies  in 
serums  from  trachoma  and  LGV  patients.  The  tests  included  complement 
fixation  (CF),  immunofluorescence  (FA),  radioisotope-precipitation  (RIP) 
and  neutralization  (Neut)  in  mice.  The  trachoma  serums  were  obtained  in 
1965  during  an  outbreak  in  a  school  on  the  Northern  Cheyenne  Indian 
Reservation  (see  previous  reports).  Those  studied  most  extensively  were 
from  patients  whose  infections  were  confirmed  by  isolation  of  trachoma- 
inclusion  conjunctivitis  (TRIC)  chlamydiae,  household  associates  of  TRIG 
confirmed  cases  or  typical  clinical  trachoma.  The  LGV  serums  were  obtained 
from  20  patients  from  the  District  of  Columbia  in  1966-1967.   Nearly  all 
had  bubonic  disease  of  less  than  1  month  duration.   Pertinent  observations 
are  these : 

a.  As  measured  by  all  procedures,  the  antibody  response  in 
trachoma  is  less  than  in  LGV, 

b.  The  RIP  test  was  the  most  sensitive  serologic  procedure. 
Nineteen  of  20  LGV  serums  had  RIP  antibodies  ranging  in  titer  from  1:64 
to  1:16,384.  Only  44^  of  trachoma  serums  had  RIP  antibodies  ranging  in 
titer  from  1:32  to  1:512.  However,  extremely  mild  cases  of  trachoma  did 
not  show  any  serologic  response . 

c.  There  was  good  correlation  among  serologic  procedures  in 
detecting  antibodies.  Among  trachoma  patients  with  antibodies,  there  was 
little  or  no  correlation  between  CF  and  RIP  titers .  Among  LGV  patients 
there  was  some  correlation,  i.e.,  individuals  with  high  CF  titers  usually 
also  had  high  RIP  titers . 
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d.  The  FA  test  offered  no  particular  advantages  over  the  CF 
test.  Both  techniques  were  equally  sensitive  and  appeared  to  measure  the 
same  antibodies. 

e .  Chlamydial -group  antigen-antibody  reactions  were  more 
pronounced  than  type-specific  antigen-antibody  reactions. 

f .  The  RIP  test  correlated  well  with  the  Neut  test.  All  6 
LGV  serums  with  RIP  titers  >1:8192  had  neutralizing  activity  against  TRIG 
and  LGV-JH  challenge  strains.   In  contrast,  only  1  of  11  serums  with  RIP 
titers  less  than  1:8192  had  neutralizing  antibodies.  A  weak  correlation 
was  also  evident  between  CF  titers  and  neutralizing  activity.  Those  serums 
which  neutralized  usually  had  CF  titers  of  >1:128  against  group  antigen. 

3 .   LGV  chlamydiae  isolation  attempts .   Isolation  of  LGV  chlamydiae 
has  now  been  attempted,  without  success,  from  6  patients.  Several  of  the 
patients  had  started  treatment .  Four  had  neutralizing  antibodies  in  their 
serums  and  one  had  some  neutralizing  activity  In  bubo  pus.  Nevertheless, 
it  is  believed  that  the  necessity  of  shipping  clinical  material  in  a  frozen 
state  also  decreased  the  chances  of  successful  isolation. 

Significance  to  bio-medical  research  and  the  urogram  of  the  Institute: 

The  evidence  is  now  firm  that  the  tularemia  skin  test  is  a  sensitive, 
reliable  survey  technique  in  detecting  prior  Infection  by  F.  tularensis . 
Nearly  one-fourth  of  Garfield  County  residents  working  closely  with  sheep 
had  infection  sometime  in  the  past.  Few  had  recognized  clinical  infections 
in  spite  of  the  fact  that  an  astute  practitioner,  much  Interested  in 
tularemia,  has  been  responsible  for  medical  care  in  the  county  for  40  years. 
Vaccine  prophylaxis  is  worth  considering  in  such  a  high-risk  group. 

It  Is  not  siirprising  that  antibody  response  is  less  pronounced  in 
trachoma  than  in  LGV.  The  former  is  predominantly  a  localized  infection 
whereas  the  latter  is  a  systemic  disease .  Natural  immunity  is  Incomplete 
in  trachoma.  Conceivably,  vaccination  by  parenteral  routes  could  give  a 
more  satisfactory  Immune  response  than  that  produced  by  the  disease  itself. 

Although  the  RIP  test  is  not  useful  in  identifying  extremely  mild 
cases  of  trachoma,  it  may  be  useful  in  identifying  those  cases  which  are 
greatest  risks  of  infection  to  others.  There  was  a  direct  relationship 
between  the  RIP  titer  and  shedding  of  TRIG  chlamydiae.  Thus,  patients 
from  whom  TRIG  chlamydiae  were  isolated  possessed  highest  RIP  titers. 

The  data"  are  still  too  few  to  be  conclusive,  but  it  now  appears 
that  the  RIP  test  may  be  a  direct  or  indirect  measure  of  protective 
antibody.   If  so,  this  procedure  is  potentially  an  important  technique 
for  measuring  Immunogeniclty  of  trachoma  vaccines. 
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Proposed  course  of  pro.iect: 

This  project  is  opportunistic.  As  situations  arise  for  observing 
natural  occurrences  of  disease  in  man  pertinent  to  our  research  interests, 
epidemiologic  study  of  such  occurrences  will  be  conducted. 

We  will  continue  to  utilize  and  investigate  laboratory  procedures 
which  can  be  adapted  to  epidemiologic  and  diagnostic  use . 


Honors  and  Awards : 

Dr.  R.  N.  Philip 

Served  as  President  of  the  Montana  Public  Health  Association. 

Publications : 

Philip,  R.   N.,   Casper,   E.  A.,    and  Lackman,   D.   B.:      The  skin  test 
in  an  epidemiologic  study  of  tularemia  in  Montana  trappers. 
J.    Infect-   Pis.    117:      393-402,    Dec.    1967. 
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Project  Description: 

Objectives: 

By  a  study  of  slow  viral  diseases  of  domestic  animals,  to  obtain 
data  and  develop  techniques  that  can  be  used  in  determining  whether 
viruses  are,  causally  related  to  certain  chronic  neurologic,  connective 
tissue,  and  proliferative  diseases  of  man. 
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Methods  employed; 

Four  naturally-occurring  diseases  of  animals  continue  to  form 
the  basis  for  this  long-term  study.  They  are:  scrapie  of  sheep, 
encephalopathy  of  mink,  Aleutian  disease  (AD)  of  mink,  and  a  chronic 
progressive  pulmonary  disease  of  sheep.   The  project  is  being  pursued 
along  the  following  lines,  with  priority  to  the  first  named, 

1.  Host  responses.  This  includes  observations  on  clinicopathologic 
features,  development  of  lesions  in  relation  to  viral  replication  and 
spread,  and  imm\inologic  responses.  Our  main  concern  is  with  understanding 
the  basic  pathologic  process  that  distinguishes  each  disease. 

2.  Properties  of  the  causative  viruses.  Attention  is  directed 
mainly  to  those  general  properties,  such  as  size,  heat  resistance,  and 
ether  sensitivity,  that  relate  the  viruses  to  or  distinguish  them  from 
other  animal  viruses. 

3.  Tissue  culture  techniques .  Concern  here  is  largely  for 
finding  tissue  culture  systems  that  will  be  useful  in  assaying  virus  in 
tissues  of  infected  animals  and  thereby  make  studies  on  pathogenesis 
easier,  cheaper,  and  more  precise. 

Major  findings; 

1.  The  disease  process 

a.  Scrapie .  Additional  observations  on  experimental  scrapie 
in  the  goat  (a  study  now  essentially  completed)  provided  more  evidence 
that  virus  reaches  the  central  nervous  system  (CNS)  late  in  the  course 
of  the  infection.  For  example,  virus  was  foiind  in  the  CNS  of  2  of  8 
clinically  normal  goats  killed  during  the  fourth  year  after  inoculation. 
Although  our  data  are  incomplete,  present  evidence  suggests  that  virus 
disappears  from  lymphocytic  tissues  by  the  time  it  is  detected  in  the  CNS 
of  some  goats  killed  long  after  inoculation.  This  observation  further 
emphasizes  the  differences  between  the  infectioios  process  in  goats  and 
that  in  mice .   Failure  to  detect  virus  in  any  tissue  of  some  clinically 
normal  goats  killed  during  the  third  and  fourth  years  indicates  that, 
unlike  goats  inoculated  intracerebrally,  not  all  of  those  inoculated 
subcutaneously  become  infected.   Probably  1%   do. 

To  date,  3  years  after  inoculation,  neither  virologic  or 
clinical  evidence  of  scrapie  virus  infection  has  oeen  observed  in 
Targhee  sheep,  a  breed  in  which  the  natural  disease  has  never  occurred. 
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Because  of  the  disappointing  results  with  experimental 
infection  in  Targhee  sheep,  we  have  emphasized  study  of  the  natural 
disease.  Accordingly,  7  more  naturally-affected  sheep,  mainly  SuffoUcs 
were  necropsied  at  the  Scrapie  Field  Trial,  Mission,  Texas.  So  far, 
virus  has  been  found  in  the  CNS  and  lymphocytic  tissues  of '3  of  the' 10 
sheep  collected  since  the  study  began  in  December  1966.  This  study  will 
be  extended  to  include  clinically  normal  sheep,  6  months  to  3  years  old, 
bom  to  ewes  that  eventually  died  of  scrapie.  The  breeding  program  at 
the  Scrapie  Field  Trial  makes  such  a  study  of  the  natural  infection 
during  the  incubation  period  feasible . 

t.  Ence-phalopathv  of  mink.  Incidental  to  other  studies,  a 
few  additional  observations  were  made  on  the  natural  history  of  this 
scrapie-like  disease  of  mink.  For  example,  the  incubation  period  of 
the  experimental  disease  may  extend  to  560  days  in  mink  inoculated 
intraperitoneally,  and  a  few  affected  mink  may  survive  for  as  long  as 
3  months . 

c.  Aleutian  disease  (AD).  As  mentioned  last  year,  in  our 
experience  the  response  of  royal  pastel  mink  to  AD  virus  differs  from 
that  of  sapphire  mink.  Three  additional  observations  support  this  view. 
1)  An  affected  pastel  undoubtedly  recovered — a  response  never  seen  in 
experimentally  infected  sapphires .  This  mink  became  somewhat  thin  and 
unkempt,  but  never  overtly  sick.  Its  gamma  globulin  increased  to  9.5 
gm/lOO  ml  serum  by  273  days  after  inoculation.  At  this  time,  a  myeloma- 
like globulin  pattern  was  found  by  immimoelectrophoresis .  Thereafter, 
the  amount  of  gamma  globulin  gradually  returned  to  normal  by  the  end  of 
2  years.  Now,  over  2  years  after  inoculation,  the  mink  is  clinically 
normal.  Viremia  was  not  detected  at  450  days,  the  only  time  blood  was 
examined  for  virus.  2)  A  typically-affected  pastel  mink  that  survived 
551  days  before  reaching  the  terminal  stage  of  the  disease  did  not  have 
virus  in  its  blood  at  that  time  or  200  days  earlier.   3)  The  titer  of 
virus  in  the  serum  of  another  typically-affected  pastel  mink  killed 
274  days  after  inoculation  was  only  10"^. 

These  findings  on  viremia  in  pastels  contrast  with  those  on 
sapphires  in  which  virus  appears  in  the  blood  early  and  persists  in 
high  titer  throughout  the  fatal  course  of  the  infection. 

Two  color  phases  (phenotypes)  of  mink  homozygous  for  the 
Aleutian  gene,  namely  triple  pearls  and  sapphires,  were  found  about 
equally  susceptible  to  infection  with  AD  virus.  The  LD50  titer  in 
triple  pearls  was  10"^  •'^^  or>^   whereas  that  in  sapphires  was  lO""'^'^  °^^. 
Moreover,  in  each  of  these  color  phases  the  course  of  the  disease  was 
the  same . 
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A  systematic  study  of  the  pathogenesis  of  AD  in  sapphires  was 
begim  in  December  1967.  Although  it  is  too  soon  to  present  detailed 
comment  on  this  experiment,  the  occurrence  of  viremia  as  early  as  the 
15th  day  in  this  group  of  mink  confirms  our  previous  observations  that 
virus  is  first  detected  in  blood  of  sapphires  2  to  3  weeks  after 
inoculation. 

d.  Progressive  pneumonia  of  sheep.  As  reported  previously, 
typical  disease  occurred  in  sheep  at  intervals  varying  from  1  to  3 
years  after  intrapulmonary  or  intravenous  inoculation.  Five  sheep  have 
been  necropsied.  At  least  three  others  are  clinically  affected  now  at 
40  months .  The  intravenous  route  appears  to  be  slightly  more  effective 
than  the  intrapulmonary  one,  but  so  far  not  enough  work  has  been  done  to 
establish  this  conclusively.  As  yet,  disease  has  not  appeared  in  any 
sheep  inoculated  intracerebrally . 

We  are  still  impressed  with  the  lymphoreticular  proliferation 
in  the  lungs  of  affected  sheep.  In  its  strict  sense,  the  term  pneumonia 
seems  ill  suited  for  the  disease.  Progressive  pulmonary  lymphoreticulosis 
is  s\:iggested  as  a  more  accurate  description  of  the  disease  process,  an 
aspect  that  hitherto  has  not  aroused  much  interest. 

2.  Properties  of  the  viruses 

a.  Encephalopathy  of  mink .  Previously,  the  virus  was  shown 
to  pass  a  <  100  m|i  gradocol  membrane  (the  smallest  used).  This  was 
confirmed  in  another  experiment  in  which  this  virus  again  passed  through 
the  <100  mja  gradocol  membrane  but  not  through  those  of  35-100  m\i   and 
20-35  mp.  average  pore  size.  Treatment  of  a  suspension  of  virus  with  ether 
at  4°C  for  22  hours  caused  a  1  log]^o  reduction  in  infectivity  titer  and 
lengthened  the  incubation  period  in  mink  that  received  the  higher 
dilutions.  Infectivity  of  the  virus  was  not  affected  by  treatment  with 
0.3%  formalin  at  37OC  for  32  hours. 

These  findings  on  size,  ether  sensitivity,  and  resistance  to 
formalin  indicate  that  the  virus  of  mink  encephalopathy  closely  resembles 
scrapie  virus,  as  was  suggested  previously.   Indeed,  some  persons  have 
expressed  the  view  that  encephalopatl^y  of  mink  is  nothing  more  than 
scrapie  virus  infection  in  this  host.  We  do  not  believe  this,  however, 
partly  because  mice  inoculated  with  encephalopathy  virus  have  not  become 
affected  with  any  neurologic  disease  during  periods  of  observation 
exceeding  18  months.  Moreover,  pastel  mink  inoculated  int rape ri tone ally 
with  scrapie  virus  (Chandler  mouse-adapted  strain)  have  remained  healthy 
for  26  months . 
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"b.  Aleutian  disease .  As  reported  2  years  ago,  inf activity 
of  AD  virus  was  not  affected  by  exposure  to  56°C  for  3O  minutes,  but 
it  was  reduced  at  least  1  log]_o  at  60°C   and  at  least  3  log-j^Q  at  80°C, 
In  a  more  recent  experiment,  infectivity  of  the  virus  was  not  affected 
by  exposure  to  60°C  for  30  minutes,  1  hour,  2  hours,  and  4  hours.  At 
8OOC,  however,  virus  was  inactivated  after  exposure  for  30  minutes . 


Progressive  pneumonia  of  sheer).  See  comments  on  tissue 


culture 


3.   Tissue  culture.   In  tissue  culture  cell  lines  derived  from 
lungs  of  normal  sheep  and  goats,  a  virus  was  isolated  from  the  1-ungs  of 
7  of  7  sheep  affected  with  either  natural  or  experimental  progressive 
pneumonia.  The  virus  causes  the  formation  of  polykaryocytes  within  7 
to  lA   days  after  inoculation  of  monolayers.  It  passes  through  a  220  m|i 
millipore  filter  but  is  retained  by  one  of  100  m|j..  It  is  rapidly 
inactivated  at  56oC  and  is  sensitive  to  ether.  These  properties  of  the 
virus  are  like  those  of  maedi  virus,  which  causes  a  disease  in  Icelandic 
sheep  that  is  strikingly  similar  to  progressive  pneumonia.  The  virus 
isolated  here  is  presumed  to  be  the  etiologic  agent  of  progressive 
pneumonia.  If  this  proves  correct,  a  full-scale  study  on  pathogenesis 
will  be  feasible . 

A.     Immunology  of  Aleutian  disease.  See  Project  175. 

Significance  to  bio-medical  research  and  the  program  of  the  Institute. 

As  our  studies  have  progressed,  it  has  become  increasingly  evident 
that  the  slow  viral  diseases  provide  powerful  tools  for  gaining  an 
insight  into  the  defensive  mechanisms  mammals  use  against  viruses. 
Moreover,  our  concepts  of  the  infectious  process  must  be  expanded 
considerably  if  we  are  to  accoimt  for  the  clinical  course  and  histologic 
changes  that  characterize  the  slow  viral  diseases.  To  date,  the  salient 
features  of  these  diseases  are  l)  a  host  response  characterized  by 
excessively  long  continued  proliferation  of  1  or  2  types  of  cell,  and 
2)  the  presence  of  virus  in  affected  tissues. 

In  scrapie  and  mink  encephalopathy,  histologic  evidence  of  a 
response  by  the  lymphoreticular  or  connective  tissue  systems  is  not  seen. 
The  causative  virus  appears  to  be  essentially  non-antigenic  and  harmless 
to  most  tissues  of  the  body.  Presence  of  virus  in  the  CNS,  however,  is 
associated  with  hypertrophy  and  proliferation  of  astrocytes.  Degeneration 
of  neurons  presumably  occurs  as  a  consequence  of  these  changes  in 
astrocytes.  The  histologic  changes  resemble  those  of  certain  so-called 
degenerative  neurologic  diseases  of  man. 
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In  the  puljnonary  disease  of  sheep,  progressive  proliferation  of 
l;ymphocytes  and  reticular  cells  in  the  Itmgs  leads  to  death  by  asphyxia 
(alveolocapillary  block  ?).  Other  cellular  elements,  such  as  fibroblasts 
and  plasma  cells,  do  not  appear  to  play  a  significant  role.  The 
histologic  features  of  this  disease  seem  more  allied  to  those  of  lymphoma 
in  man  than  to  those  of  an  ordinaiy  infectio\iS  process.  Virus  is  present 
in  affected  lung  and  presumably  causes  the  prono\mced  cellular 
proliferation . 

In  Aleutian  disease,  proliferation  of  lymphocytes  and  plasma  cells 
and  over  production  of  serum  gamma  globulin  characterize  the  disease. 
After  these  changes  occur,  generalized  vascular  involvement  as  revealed 
by  arterial  and  renal  glomerular  lesions  ensues.  The  vascular  changes 
seem  to  be  correlated  with  long-continued  high  grade  viremia  in 
association  with  greatly  increased  amounts  of  serum  gamma  globulin.  The 
widespread  distribution  of  the  lesions  and  their  fibrinoid  character 
s\jggest  that  a  virus -incomplete  antibody  complex  may  be  the  pathogenic 
factor.  The  closest  human  counterpart  to  the  vascular  changes  in 
Aleutian  disease  is  seen  in  the  group  of  "autoimmune"  diseases . 

In  their  basic  features,  these  diseases  are  more  allied  to 
malignant  neoplasms  than  to  the  common  infectious  diseases .  The 
pathologic  basis  of  the  slow  viral  diseases  is  proliferation  of  cells. 
Such  cellular  proliferation  may  cause  death  directly  as  in  the  pulmonary 
disease  of  sheep  or  indirectly  as  in  scrapie,  mink  encephalopathy,  and 
Aleutian  disease. 

ProTDosed  course  of  project: 

Preoccupation  of  investigators  with  intracellular  events  in  virus- 
infected  cells  of  tissue  culture  systems  has  led  to  the  neglect  of  the 
difficult  and  tedious  studies  necessary  to  gain  an  insight  into  mechanisms 
by  which  intact  animals  prevent  penetration,  replication,  and  dissemination 
of  viruses.  Thus,  knowledge  of  cellular  events  in  virus-infected  animals 
is  extremely  incomplete.  We  believe  that  our  main  emphasis  at  RML  should 
be  directed  to  the  cellular  events  in  an  infected  host  and  to  its 
correlation  with  viral  replication  and  spread.  Also,  search  should  be 
made  for  other  diseases  characterized  by  excessive  proliferation  of  cells 
of  the  defense  system  in  the  presence  of  virus. 

Some  questions  that  need  answers  are  these:   Why  doesn't  the 
lymphoreticular  system  respond  in  scrapie  virus  infection?  Why  is  the 
lymphoreticular  response  in  the  pulmonary  disease  of  sheep  limited  to  the 
lungs  and  regional  lymph  nodes?  And  why  isn't  this  response  accompanied 
by  proliferation  of  plasma  cells?  Why  in  Aleutian  disease,  by  contrast, 
is  the  lymphocytic  response  accompanied  by  a  striking  proliferation  of 
plasma  cells? 
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Obviously,  the  cellular  changes  occurring  in  these  diseases  must 
be  due  to  some  particular  property  of  the  causative  virus.  Studies  of 
the  structure  of  the  viruses,  their  replication,  and  the  production  of 
nev/  antigens  in  cells,  and  their  behaviour  when  exposed  to  various 
physical  and  chemical  agents  are  needed.  But  the  problem  is  where  should 
these  studies  be  done.  We  believe  they  can  be  best  done  at  Bethesda. 
.This  does  not  exclude,  however,  such  studies  at  RML  in  so  far  as 
available  personnel,  time,  and  physical  facilities  permit. 


Honors  and  Awards: 

Dr.  C.  M.  Ekiund 

Awarded  the  Distinguished  Service  Medal  at  the  DHEW  Annual  Awards 
Ceremony,  Apr.  11,  1968. 

Dr.  W.  J.  Hadlow 

Presented  special  seminar  (with  Dr.  Ekiund)  "Slow  Viral  Diseases" 
at  the  School  of  Public  Health,  University  of  Minnesota,  Oct.  l6, 
1967. 

Presented  special  seminar  (with  Dr.  Ekiund)  "Slow  Viral  Diseases" 
at  the  College  of  Veterinary  Medicine,  University  of  Minnesota, 
Oct.  17,  1967. 

Participated  in  a  Symposium,  "The  Immune  Response  and  the  Possible 
Role  of  Viruses  in  Multiple  Sclerosis",  sponsored  by  the  National 
Multiple  Sclerosis  Society  at  Rye,  New  York,  Oct.  19-20,  1967. 

Presented  seminar  on  "Scrapie  and  Mink  Encephalopathy"  at  Western 
Reserve  University  (Neuro-Science  Seminar),  Cleveland,  Ohio, 
Oct.  23,  1967. 

Presented  paper,  "Experimental  Progressive  Pneumonia  of  Sheep",  at 
the  Special  Session  on  Comparative  Pathology  of  the  Fifty-seventh 
Annual  Meeting  of  the  International  Academy  of  Pathology,  Chicago, 
Mar.  L,,    1968. 


Publications: . 

In  press: 

Hadlo^",  W.  J.  and  Karstad,  L.:  Transmissible  encephalopathy  of  mink. 
Canad.  Vet.  J. 
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Previous  Serial  Number:  Same 

Principal  Investigators:   J,  J.  Munoz  and  R.  K.  Bergman 

Other  Investigators:  R.  F.  Smith  and  Carla  R.  Clausen  (NIH  Predoctoral 
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Cooperating  Units:   None 

Other  NIH 
Personnel 


Man  Years: 

NIAID 
Lab.  Staff 

Assigned  to 
Project 

Guest 
Workers 

Total 

Total: 

5  9/12 

5  9/12 

Professional: 

2  2/12 

2  2/12 

Other: 

3  V/12 

3  V/12 

Project  Description: 
Objectives: 

Major  goals  in  this  project  are:  l)  to  purify  and  identify 
biologically  active  substances  from  Bordetella  pertussis:  2)  to  develop  a 
purified  vaccine  for  immunization  of  children  against  whooping  cough; 

3)  to  study  the  mechanism  of  action  of  histamine  sensitizing  factor  (HSF) 
with  special  reference  to  histamine,  serotonin  and  anaphylactic  sensitiza- 
tion of  mice  and  the  effect  of  HSF  on  various  other  immunological  phenomena; 

4)  to  investigate  the  role  of  agglutinogens  in  protection  and  histamine 
sensitization  of  mice . 

Methods  employed: 

Standard  immunological,  chemical  and  bacteriological  techniques 
and  physico-chemical  methods  of  fractionating  protein,  carbohydrates, 
lipids  and  other  organic  substances  are  used.  In  studying  the  action  of  HSF 
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pharmacological,  physiological,  biochemical  and  endocrinological  techniques 
are  employed.  Mice  are  iised  for  most  studies  and  antiserums  are  prepared 
in  sheep,  rabbits,  guinea  pigs  and  mice. 

Ma.ior  findings: 

1.  Isolation  of  HSF  from  B.  laertussis.  It  was  previously  reported 
that  HSF  can  be  extracted  by  alkaline  saline  from  acetone-dried  cells. 
HSF  is  mainly  protein  and  lipid,  and  has  most  amino  acids  except  cysteine 
and  methionine.  Extraction  of  HSF  is  more  efficient  vd.th  1.0  M  sodium 
chloride  than  0.15  M  sodium  chloride.  Reasonably  pure  HSF  can  be  precipi- 
tated in  the  presence  of  .03  M  magnesium  sulfate.  By  gel-diff-usion  test, 
this  material  is  impure  and  rather  insoluble  in  normal  saline.  Sodium 
chloride  (1.0  M)  at  pH  8  extracts  most  active  material.  Salt  concentration 
of  0.5  M  or  above  reduces  the  particle  size  of  HSF.  The  nature  of  salt 
ions  or  pH  is  not  important.  When  solutions  of  HSF  in  1.0  M  NaCl  are 
passed  thro-ugh  Sephadex  G-200,  activity  is  obtained  in  a  slow  migrating 
peak.  However,  if  crude  alkaline  extracts  in  low  salt  are  passed  through 
Sephadex,  active  material  is  found  in  the  fast  moving  peak.  MgSO^- 
precipitated  HSF  and  other  highly  purified  fractions  do  not  diffuse  into 
the  agar  if  low  salt  concentrations  are  used;  if  the  agar  is  prepared  in 
1.0  M  NaCl,  HSF  dissolved  in  1.0  M  saline  diffuses  and  forms  a  band  of 
active  precipitate.  When  alkaline  saline  extracts  are  treated  with  DNAse, 
turbidity  forms  and  viscosity  of  the  preparation  decreases.  The  turbid 
material  is  sedimentable  at  30,000  rpm,  and  when  this  material  is  passed 
throiigh  G-200  Sephadex,  the  fast  peak  disappears  and  HSF  activity  is  foimd 
in  the  next  peak.  Thus  it  appears  that  the  first  peak  obtained  in  the 
presence  of  low  salt  consists  of  imsoluble  material  to  which  HSF  is 
adsorbed.  Urea  destroys  HSF  activity.  lysozyrae  does  not  significantly 
reduce  HSF  activity,  but  it  does  affect  its  behavior  in  G-200  columns  and 
activity  is  found  in  a  broader  peak. 

2.  Mechanism  of  action  of  HSF. 

a.  Relationship  of  blood  glucose  to  histamine  sensitivity. 
Hypoglycemia  produced  in  mice  by  B..  pertussis  cells  was  thought  by  some 
to  be  the  cause  of  histamine  sensitivity.  We  do  not  think  this  is  so, 
because  onset  and  duration  of  hypoglycemia  after  HSF  does  not  correspond 
to  histamine  sensitivity.  In  addition,  mice  given  enough  insulin  to 
induce  marked  hypoglycemia  are  not  sensitive  to  histamine,  and  treatment 
of  histamihe-sensitive  mice  with  the  short  acting  diabetogenic  agent^ 
d-mannoheptulose,  which  elevates  blood  sugar,  or  giving  the  sugars  glucose, 
arabinose,  ixylose  and  mannose,  did  not  protect  against  histamine  death. 

b.  Effect  of  dehydration  and  rehydration  on  histamine  sensitivity. 
Shipments  of  normal  GFW  mice  from  Carworth  Farms  have  varied  in  sensitivity 
to  histamine.  In  attempts  to  determine  why,  the  effect  of  dehydration  was 
studied.  In  some  experiments,  increased  sensitivity  to  histamine  was 
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noticed  in  mice  from  which  water  was  withheld  for  4  days.  In  others,  mice 
were  not  especially  sensitive  to  histamine  after  L,   days  of  dehydration, 
but  they  were  quite  sensitive  after  the  third  day  of  rehydration.  It  is 
not  yet  clear  how  stress  of  dehydration  is  related  to  histamine  sensitivity, 
but  perhaps  adrenal  function  is  involved. 

c .  Further  studies  on  histamine  sensitization  produced  by  beta 
blocking  agents .  The  beta-adrenergic  stimulator,  isoproterenol,  and  the 
alpha  and  beta  stimulator,  1-epinephrine ,  protected  mice  made  histamine 
sensitive  with  the  beta-adrenergic  blocking  agent,  propranolol.  However, 
only  1-epinephrine  was  effective  in  protecting  HSF-treated  mice  from 
histamine  induced  death.  In  fact,  treatment  with  isoproterenol  potentiated 
lethal  effects  of  histamine  in  HSF-treated  mice.  Protection  by  1-epinephrine 
persisted  against  a  broad  dose  range  of  propranolol  ( 2-162  p-g)  while  pro- 
tective effects  of  isoproterenol  diminished  as  the  dose  of  propranolol  was 
increased.  These  results  are  inconsistent  with  the  hypothesis  that  HSF 
treatment  and  beta-adrenergic  blockade  are  totally  analogous. 

d.  Studies  of  permeability  produced  by  HSF.  Last  year  we 
questioned  whether  permeability  of  the  vascular  system  occurred  in  mice 
treated  with  HSF.  The  apparent  changes  observed  with  Evans  blue  dye  could 
have  been  explained  either  by  lowering  of  albumin  or  increase  in  blood 
volume .  Plasma  volumes  have  been  difficult  to  determine  in  mice  because 
we  have  not  found  a  tagged  substance  with  only  a  "volume  of  distribution" 
in  blood  plasma.  Nevertheless,  we  frequently  found  that  concentration  of 
"plasma  volume  labelling  substances"  is  about  10^  less  in  HSF-treated  mice 
than  in  normal  mice.  Also,  since  dextrans  of  high  molecular  weight 
(80,000  to  110,000)  disappeared  faster  from  circulation  of  HSF-treated 
mice  than  dextrans  of  low  molecular  weight  (20,000  or  less),  capillaries 
of  HSF-treated  mice  are  perhaps  more  permeable  than  those  of  normal  mice . 

Since  HSF  may  interfere  with  epinephrine  functions,  permeability 
by  vasoactive  substances  is  pronounced  in  HSF-treated  mice.  Thus,  histamine 
and  serotonin  given  intracutaneously  produce  greater  capillary  permeability 
(as  measured  by  leakage  of  Evans  blue  dye)  in  HSF-treated  than  in  normal 
mice . 

3 .  Effect  of  HSF  on  various  mouse  strains.   Normal  and  HSF-treated 
mice  of  many  inbred  and  outbred  strains  were  tested  for  sensitivity  to 
serotonin  and  histamine .  Normal  mice  of  most  strains  were  not  sensitive 
to  these  amines  given  alone  or  in  combination.  HSF-treated  mice  of  some 
strains  were  sensitive  to  either  histamine  or  serotonin  and  all  but  one 
(C3H/HeN)  strain  were  quite  sensitive  to  the  serotonin-hlstamine  combination. 
Contrary  to  what  was  previously  thought,  HSF,  therefore,  does  sensitize 
most  mouse  strains . 


Serial  No,  NIAID-18A 

-4-  Studies  on  the  IvmDhocvtosis  produced  bv  HSF.  It  was  reported 
last  year  that  HSF  Induced  lymphocytosis  in  mice  in  a  manner  similar  to 
whole  cell  vaccines.  The  most  efficient  route  of  administration  is  the 
intravenous  route.  As  a  rule,  a  preparation  which  stimulates  lymphocytosis 
also  induces  histamine  sensitization.  However,  lymphocytosis  is  not 
prerequisite  for  histamine  sensitization.  The  time  of  appearance  and 
■  decline  of  lymphocytosis  differs  and  the  marked  lymphopenia  induced  by 
ant i -lymphocyte  serum  does  not  interfere  with  histamine  sensitization  bv 
HSF. 

5 .  Studies  on  reaginic  (72-hour  PGA)  antibody  in  mice.   Alkaline 
saline  extract  (SE)  of  B,  pertussis  cells,  when  administered  with  an 
antigen  such  as  egg  albumin,  enhances  production  of  a  skin-fixing  antibody 
in  mice  which  is  similar  to  reaginic  antibody  in  man.  A  so-called  2-hour 
PGA  antibody  is  also  produced.  The  72-ho\ir  PGA  antibody  (reaginic  type) 
is  heat  labile  and  destroyed  by  2-mercaptoethanol  while  the  2-hour  PGA 
antibody  is  insensitive  to  these  treatments.  Seventy-two-hour  PGA  antibody 
persists  for  many  days  at  the  site  of  injection,  whereas  2-hour  PGA  antibody 
disappears  from  the  skin  within  several  days. 

Optimism  dosages  of  egg  albumin  and  SE  stimulated  high  titers  of  both 
types  of  antibody  in  RML  and  GFW  mice,  which  were  sustained  for  at  least 
60  days.  Egg  albumin  in  incomplete  Freund's  adjuvant  likewise  induced 
high  levels  of  2-hour  PGA  antibody  which  persisted  for  long  periods.  In 
contrast,  animals  receiving  egg  albumin  in  Freund's  adjuvant  had  72-hour 
PGA  antibodies  on  the  10th  day,  but  they  could  no  longer  be  detected  by 
the  30th  day. 

No  correlation  could  be  demonstrated  between  the  hemagglutination 
titers  and  72-hour  PGA  activity  of  seriim.  However,  a  good  relationship 
could  be  shown  between  hemagglutination  and  2-hour  PGA  titers. 

Separation  of  the  two  antibodies  was  attempted.  In  gel  electro- 
phoresis, 72-hour  PGA  antibody  corresponded  to  the  region  containing  IgA 
or  IgM  whereas  2-hour  PGA  antibodies  were  found  in  the  region  containing 
7S  gamma  1  immunoglobulins.  Separation  of  the  two  antibodies  on  G-200 
Sephadex  was  unsuccessful,  but  no  activity  was  found  in  the  19S  portion 
of  serum.  However,  separation  apparently  was  achieved  with  concanavilin  A. 
Goncanavilin  A  is  a  globulin  obtained  from  jack  bean  meal  which  has  the 
property  of  absorbing  many  carbohydrates  and  carboydrate-containing  sub- 
stances.  It  was  recently  shown  to  absorb  19S  and,  perhaps,  also  IgA 
globulins.   In  a  preliminary  experiment,  concanavilin  A  absorbed  the 
72-hour  PGA  antibody  completely  but  left  the  2-hour  PGA  in  the  supernatant. 
If  this  work  can  be  confirmed,  a  simple  procedure  will  be  available  for 
absolute  separation  of  these  two  antibodies . 
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Significance  to  bio-medical  research  and  the  -program  of  the  Institute: 

Developing  an  improved  vaccine  for  immunization  against  whooping 
cough  is  of  prime  importance.  HSF  contains  protective  antigen.  However, 
it  must  he  purified  and  shown  to  be  as  effective  as  whole  cells  in  pro- 
tecting against  disease.  It  must  be  determined  whether  HSF  and  the 
protective  antigen  are  the  same  substance.   If  the  two  activities  can  be 
separated,  a  safer  vaccine  will  be  possible.  However,  our  experiments 
suggest  that  the  two  activities,  if  not  identical,  are  at  least  associated 
in  the  same  macromolecule . 

The  mechanism  of  action  of  HSF  is  of  theoretical  value .  This 
material  increases  sensitivity  of  mice  to  many  different  agents  and  stresses, 
including  hypersensitivity  mediated  by  antigen-antibody  reactions.  An 
understanding  of  the  mechanisms  of  action  should  add  to  general  knowledge 
of  hypersensitivity,  and,  perhaps,  point  the  way  for  preventing  some 
allergic  responses .  Production  by  HSF  of  a  special  type  of  antibody  in 
the  mouse  is  another  interesting  phenomenon  associated  with  B.  pertussis 
which  is  pertinent  to  the  mechanism  of  antibody  formation  and  the  nature 
of  regulatory  substances  on  the  production  of  immimoglobulins . 

Proposed  course  of  pro.iect: 

Efforts  to  obtain  a  highly  purified  HSF  and  to  characterize  it  fully 
as  to  ability  to  enhance  hypersensitivity  and  protect  against  B.  pertussis 
infection  will  be  continued.  The  mechanism  of  action  of  this  interesting 
substance  will  be  studied  further  with  special  reference  to  the  role  of 
the  catecholamines  on  histamine  sensitization  and  capillary  permeability 
produced  by  HSF.  The  reasons  for  differences  among  mouse  strains  in  their 
ability  to  be  sensitized  to  histamine,  serotonin  or  to  combination  of  these 
amines  will  be  examined.  The  role  of  purified  HSF  in  hyperacute  experi- 
mental allergic  encephalomyelitis,  especially  as  to  type  of  antibodies 
produced,  will  be  investigated. 


Honors  and  Awards : 

Dr.  J.  J.  M^jnoz 

Invited  to  review  histamine  sensitizing  factors  from  microbial  agents, 
with  a  special  reference  to  Bordetella  pertussis,  for  Bacteriological' 
Reviews . 

Invited  to  write  a  chapter  on  Bordetella  pertussis  toxins  for 
"Microbial  Toxins",  a  book  to  be  edited  by  Drs .  Ajl,  Montie  and  Kadis. 
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Bergman,  R.  K.  and  Munoz,  J.:   Induced  hypersensitivity  to  combinations 
of  serotonin  and  histamine  in  a  strain  of  mice  ordinarily  highly 
resistant  to  histamine  sensitization.   Int .  Arch .  Allerg . 

Bergman,  R.  K.  and  Munoz,  J.:   Efficacy  of  ^-adrenergic  blocking 
agents  in  inducing  histamine  sensitivity  in  mice.  Nature . 

Bergman,  R.  K.  and  Munoz,  J.:  Action  of  the  histamine  sensitizing 
factor  from  Bordetella  pertussis  on  inbred  and  random  bred  strains 
of  mice .  Int.  Arch.  Allerg. 
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Project  Description: 

Objectives: 

The  general  mission  is  to  investigate  relationships  among  the 
chlamydiae,  the  importance  of  these  organisms  to  human  health,  and 
control  of  chlamydial  diseases  of  man.  More  specific  objectives  include; 

1)  improved  methods  for  isolating  chlamydiae  from  clinical  materials, 

2)  characterization  of  new  strains,  3)  improved  growth  in  embryonated 
eggs  and  cell  cultures  to  provide  larger  yields  of  elementary  bodies, 
4)  simpler,  more  effective  methods  of  purification,  5)  more  sensitive 
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Other  Investigators:   Elizabeth  A.  Casper,  D.  B.  Ritter,  and  L.  A.  Thomas 

Cooperating  Units:   Dr.  A.  B.  Greaves,  Northwest  Central  Venereal  Disease 
Clinic,  District  of  Columbia  Department  of  Health, 
Washington,  D.  C. 
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Project  Description: 

Objectives; 

The  general  mission  is  to  investigate  relationships  among  the 
chlamydiae,  the  importance  of  these  organisms  to  human  health,  and 
control  of  chlamydial  diseases  of  man.  More  specific  objectives  include: 

1)  improved  methods  for  isolating  chlamydiae  from  clinical  materials, 

2)  characterization  of  new  strains,  3)  improved  growth  in  embryonated 
eggs  and  cell  cultures  to  provide  larger  yields  of  elementary  bodies, 
4)  simpler,  more  effective  methods  of  purification,  5)  more  sensitive 
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and  specific  diagnostic  reagents  and  techniques,  6)  antibody  surveys  to 
determine  prevalence  of  chlamydial  infection  in  specific  human  and  animal 
populations,  7)  determination  of  interrelationships,  based  on  differences 
in  serologic  behavior,  growth  in  embryonated  eggs,  morphology  of  inclusions 
in  cell  cultures,  toxicity  for  cell  cultures,  nucleic  acid  structure,  and 
other  biochemical  characteristics,  8)  study  in  laboratory  systems  of 'the 
immunogenicity  of  whole  organisms  and  antigenic  fractions  thereof,  and 
9)  development  of  pure  and  potent  vaccines. 

Methods  emnloved: 

A  wide  variety  of  techniques  were  employed.  Chlamydiae  were 
generally  cultivated  in  embryonated  eggs  or  inoculation  of  mouse  L  cells 
maintained  as  monolayers  and  dispersed  for  passage  by  enzymatic  digestion. 
Purification  of  chlamydiae  involved  various  combinations  of  differential 
centrifugation,  ether  extraction,  celite  treatment,  and  enzymatic  digestion 
of  host  cell  components.  Preparation  of  specific  cell  wall  antigens, 
performance  of  radioisotope  precipitation  (RIP)  and  fluorescent  antibody 
(FA)  tests,  and  extraction  of  nucleic  acids  followed  recently  published 
procedures.   Complement  fixation  (CF)  tests,  routine  animal  inoculations, 
and  collection  of  blood  samples  were  accomplished  by  standard  procedures. 

Ma.ior  findings: 

1.  Type-snecific  FA  antigens.   Indirect  immunofluorescence  with 
type-specific  antigens  was  used  to  study  antigenic  relationships  among 
chlamydiae.  Trachoma-inclusion  conjunctivitis  (TRIG),  lymphogranuloma 
venereum  (LGV),  and  other  chlamydial  cell-wall  antigens  are  being  tested 
against  a  variety  of  chlamydial  antiserums  from  guinea  pigs,  roosters  and 
man,  randomized  and  read  as  unknowns.  So  far,  results  parallel  those  of 
the  CF  tests  (see  previous  reports)  except  that  difficulty  was  encountered 
in  preparing  reactive  cell-wall  antigens  from  the  JH  strain  of  LGV. 
Thirteen  of  20  LGV -patient  serums  had  FA  antibodies  in  titer  from  1:8  to 
1:512  against  one  or  more  TRIG  cell -wall  antigens.  Patterns  of  reactivity 
were  similar  among  the  4  TRIC  agents  tested,  including  2  "fast"  (the 
laboratory  variants,  TE-55  and  MRC-l/G)  and  2  "slow"  (TW-3  and  CR-3)  strains. 
LGV  serums  gave  little  or  no  reactivity  against  the  33L  strain  of  LGV  or 
against  meningopneumonitis.  One  of  8  trachoma-patient  serums  reacted  in 

low  titer  against  the  homologous  TRIC  cell-wall  antigen  but  not  other 
type-specific  antigens .  Two  of  6  psittacosis-patient  serums  reacted 
slightly  with  33L  antigen  but  not  with  other  cell-wall  antigens.  The  11 
control  serums  did  not  react  against  any  antigen. 

2.  TRIC  infections  in  mice.  A  "fast"  (TE-55)  and  a  "slow"  (TW-3) 
TRIC  strain  were  compared  for  ability  to  multiply  in  the  spleens  and  brains 
of  adult  mice  after  intravenous  inoculation.  Definite  multiplication  of 
TE-55  occurred  in  the  spleen  and  probably  also  in  the  brain.  Although 
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TE-55  ehlamydiae  could  be  detected  in  the  spleen  soon  after  inoculation^  ^ 
titratable  amounts  ^re  not  present  until  24-48  hours.   Peak  titers,  lU 
to  105-5  ELD^n  occurred  between  the  2nd  and  7th  day  and  mfectivity 
declined  to  2  logs  by  the  14th  day.  Titers  in  the  brain  increased  at  a 
later  time  and,  at  their  highest  point  on  the  7th  day,  they  were  about  2 
logs  below  peak  titers  in  the  spleen;  by  the  14th  day  ehlamydiae  could  not 
be  demonstrated  in  brain  tissue .  Although  viable  TW-3  ehlamydiae  were 
identified  both  in  the  spleen  and  brain  at  various  times  after  inoculation, 
the  number  v/as  insufficient  for  titration. 

3.  Cross-protection  and  neutralization  tests  in  mice.   Further 
evidence 'was  obtained  during  the  year  to  support  our  hypothesis  that  TRIG 
and  LGV  agents  may  be  immunologically  related.  Similarity  between  the  JH 
strain  of  LGV  and  TE-55  and  MRC-l/G  TRIG  strains,  as  evidenced  by  cross- 
immunity  and  cross-neutralization  tests  in  mice,  was  reported  last  year. 
Also,  the  33L  strain  of  LGV  behaved  quite  differently.  Further  testing 
suggests  that  33L  is  more  closely  related  to  meningopneumonitis  and 
ornithosis  than  to  the  JH  strain  of  LGV. 

In  neutralization  tests,  partial  to  complete  neutralization  of 
activity  was  demonstrated  in  6  of  17  LGV-patient  serums  against  1-4  MLD50 
of  JH,  TE-55  and  MRG-l/G  ehlamydiae  inoculated  into  the  brain.  The  3  strains 
were  indistinguishable.  In  contrast,  protection  was  not  evident  against 
the  33L  strain.  Several  of  17  trachoma -pat lent  serums  likewise  had  minimal 
neutralizing  activity  against  the  TRIG  and  JH  strains,  and  none  of  17  CF 
negative  control  serums  had  neutralizing  antibodies. 

4.  Grovt^h  of  ehlamydiae  in  tissue  cultures.  Chlamydiae  have  been 
gro"Ti  primarily  in  mouse  L  cells  with  infection  aided  by  centrifugation 
of  particles  onto  cell  monolayers.  Further  findings  include: 

a.  Development  of  a  method  for  staining  and  microscopically 
observing  infected  cells  in  plastic  flasks. 

b.  With  tissue  cultures  of  many  chlamydiae,  the  margin  between 
a  dose  v;hich  will  infect  all  cells  and  produce  maximum  growth  and  a  larger 
one  that  destroys  most  of  the  tissue  culture  cells  is  small,  and  the  proper 
dose  must  be  selected  from  titrations  with  less  than  2-fold  increments. 
Meningopneumonitis  (Gal-10  strain),  ornithosis  (D383  strain),  ovine 
abortion  (Stamp  strain),  mouse  pneumonitis  (deBurgh  strain)  and  lympho- 
granuloma venereum  (33L  strain)  are  examples  of  chlamydiae  for  which  a 
proper  dilution  of  inoculum  can  be  selected.   However,  sheep  pneumonitis 
(McKercher  1101  strain)  and  mouse  pneumonitis  (strain  26)  are  examples  of 
agents  so  toxic  that  inocula  sufficiently  weak  to  prevent  toxicity  no 
longer  infect  all  cells.  Agents  such  as  trachoma  (strain  Gr-3),  lympho- 
granuloma venereum  (strain  JH)  and  mouse  pneumonitis  (Nigg  strain)  seem  to 
represent  a  third  group  but  require  more  study  for  definite  classification 
in  this  regard. 
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5 .  Toxicity  of  chlamydial  suspensions  for  cell  cultures.  Toxic 
effects  of  chlamydiae,  particularly  LGV,  were  first  reported  in  the  early 
194-0' s,  and  the  subject  has  been  reviewed  intermittently  since  that  time. 
Others  have  demonstrated  toxicity  by  injecting  concentrated  suspensions 
of  organisms,  from  infected  yolk  sac,  intravenously  into  mice.  Chlamydial 
toxicity  generally  resembles  rickettsial  toxins,  rather  than  a  true  endo- 
or  exotoxin. 

Attempts,  to  date,  to  characterize  the  toxicity,  mainly  in  the 
meningopneumonitis-L  cell  system,  have  thus  far  revealed  the  following: 

a.  Affected  culture  cells  rapidly  lost  their  contiguity, 
became  ragged  in  appearance,  and  developed  pyknotic  nuclei.  With  some 
organisms,  pH  of  the  medium  dropped  more  rapidly  than  in  control  cultures, 
in  spite  of  the  cellular  degeneration.   Drifts  of  elementary  bodies  were 
seen  on  the  cell  surfaces,  particularly  along  the  cell  interstices.  In 
extreme  toxicity,  chlamydial  inclusions  were  absent;  as  the  toxicity 
lessens,  many  immature  inclusions  were  seen  along  with  a  few  small  mature 
ones . 

b.  The  toxicity  was  unaffected  by  heating  at  Z1°C   for  2  l/2 
hours,  was  slightly  diminished  at  4.7°C  for  2  l/2  hours,  and  was  completely 
destroyed  at  60°C  for  30  minutes.  After  -4  l/2  hours  at  4'7°C,  toxicity  was 
lessened  so  that  a  few  cells  survived  and  supported  growth  of  remaining 
inf e  ct  i  ous  part  i  c le  s . 

c.  Attempts  to  separate  a  particle-free  toxic  fraction  from 
sonic-disrupted  material  were  unsuccessful.  Sonication  which  destroyed 
90$   of  the  infectivity  of  a  preparation  likewise  destroyed  this  proportion 
of  its  toxicity. 

d.  Penicillin,  more  than  the  other  agents  tested,  markedly 
inhibited  meningopneumonitis  growth  but  had  only  minimal  effect  on  toxicity. 
Inclusions  formed  but  were  small  and  lacked  density.  These  findings  were 
consistent  with  the  mode  of  action  of  penicillin—  it  does  not  kill  or 
prevent  infection  but  inhibits  multiplication. 

e.  Formalin  (0.2^)  actually  destroyed  the  physical  structure 
of  elementary  bodies  and  simultaneously  their  infectivity  and  toxicity. 
Survival  of  infectivity  and  persistence  of  toxicity  seemed  to  be  equal 
with  progressively  lower  concentrations  of  formalin. 

f .  Treatment  of  ornithosis  agent  with  homologous  hyperimmune 
rooster  serum  likewise  destroyed  both  infectivity  and  toxicity. 
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6.  RIP  test  for  chlamydial  antibody.  Low  to  moderate  levels  of 
nonspecific  precipitation,  which  varied  mth  lots  of  antigen  and  occurred 
in  tests  of  presimably  negative  serums,  have  been  annoying  because  they 
masked  reactions  due  to  low  levels  of  specific  antibody.  These  nonspecific 
reactions  formerly  were  considered  to  be  due  to  the  peculiar  surface 
characteristics  (perhaps  also  the  high  lipid  content)  of  chlamydial 
•particles  and  not  to  their  size  and  shape  alone.  RIP  test  of  a  typical 
batch  of  beef  serum  used  in  tissue  culture  medium  for  preparation  of 
P32_iabeled  RIP  antigen  revealed  a  small  but  significant  amount  of 
chlamydial  antibody.  It  was  then  thought  that  chlamydial  particles  exposed 
to  such  serum  for  several  hours  at  37°  C,  as  they  had  been  in  previous 
methods  of  antigen  preparation,  would  already  be  "sensitized"  and  thus 
subject  to  precipitation  by  antiglobulin  in  RIP  tests.  Accordingly 
thereafter,  meningopneumonitis  particles  were  harvested  at  4-2-46  ho-urs, 
while  cells  and  inclusions  were  still  intact.  Only  intracellular  particles 
not  exposed  to  beef  serum  were  harvested  for  preparation  of  antigen.  Use 
of  such  product  has,  to  date,  practically  eliminated  bothersome  nonspecific 
reactions . 

Markedly  superior  growth  of  meningopneumonitis  agent  was  noted  when 
0.5^  lactalbumin  hydrolysate  (LaH)  was  included  in  phosphate-free  Eagle's 
medium  used  in  P32_iabeling.  Furthermore,  cells  in  this  medium  were  able 
to  tolerate  much  higher  concentrations  of  P32  than  those  without  LaH. 
While  such  differences  were  possibly  due  to  trace  amounts  of  phosphate  in 
LaH,  the  results  prompted  another  look  at  the  maximum  levels  of  P32  which 
were  beneficial  in  routine  RIP  antigen  production.  Without  LaH  in  the 
medium,  growth  of  meningopneumonitis  was  impaired  by  P32  concentrations 
greater  than  10  [ic/ml.  With  LaH  the  agent  grew  well  in  concentrations  at 
least  12  times  as  high  and  uptake  of  P32  during  24  hours  (65^)  was  almost 
10  times  more  than  with  10  |ac/ml  in  medium  lacking  LaH. 

Routine  antigen  production  now  involves  prelabeling  of  cells  for 
18  hours  with  30  to  40  i^c  P32/ml  at  which  time  75-80^  of  the  isotope  has 
been  absorbed  by  the  cells;  use  of  0.5^  LaH  in  the  mediiim  after  infection 
of  cells  by  centrifugation;  and,  harvest  of  intracellular  particles  at 
44  to  46  hours.  Resulting  antigen  is  80-85^  precipitable  by  immune  serum 
as  compared  to  0-10^  by  nonimmune  serum. 

.7.  Particle  counting  method.  A  method  for  counting  total  chlamydial 
particles,  including  both  living  and  dead  particles,  has  been  desired  as  a 
prerequisite  for  relating  radioactivity  of  RIP  antigens  to  total  antigenic 
mass,  a  more  definite  measure  for  comparing  radiolabeling  methods. 
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The  preferred  approach  to  counting  was  the  one  In  which  unknown 
numbers  of  chlamydial  particles  are  mixed  with  known  numbers  of  latex 
particles .  After  the  ratio  of  latex  particles  to  chlamydlae  has  been 
determined  microscopically,  concentration  of  the  latter  can  be  calculated. 
This  general  method  has  been  in  use  by  other  Investigators  but  the  variant 
developed  here  does  not  require  special  viewing  equipment,  such  as  an 
electron  or  phase  microscope .  Smears  containing  the  two  kinds  of  particles 
aire  stained  by  the  Congo  red  negative  staining  technique,  whereupon 
particles  appear,  with  an  ordinary  light  microscope,  as  white  spheres 
against  a  blue  background. 

With  the  method  developed,  particle  counts  were  made  on  samples  of 
13  different  p32_iabeled  RIP  antigens.  Specific  activities,  calculated 
from  the  particle  counts  and  radioactivities  determined  at  the  time  of 
antigen  preparation,  ranged  from  3-3  to  13.3  M-c/lO-'-'-'  particles, 

8.  Application  of  the  RIP  test .  Dr.  Richard  Morrissey,  Illinois 
Department  of  Health,  sent  52  ser\ms  from  patients  affected  with  Hodgkin's 
disease,  LGV,  or  psittacosis,  but  most  were  from  myocarditis  patients  in 

a  continuing  study  of  the  relationship  between  this  condition  and  past 
history  of  chlamydial  infection.  Twenty-eight  serums  representing  11 
myocarditis  patients  were  tested.  Serums  from  3  patients  were  negative  in 
both  RIP  and  Morrissey' s  CF  tests;  ser-ums  from  4  were  consistently  positive 
(titers  1:512  to  2048)  in  RIP  but  consistently  negative  in  CF;  seruins 
from  3  were  consistently  positive  in  RIP  but  Irregularly  and  weakly  positive 
in  CF;  and  the  remaining  1  was  strongly  and  consistently  positive  in  both 
tests.  Hence  8  of  11  patients  had  serologic  evidence  of  past  infection 
with  chlamydia. 

9.  Melting  point  studies  on  chlamydial  DNA's.  As  a  supplement  to 
previously  reported  studies  on  DMA  homologies  among  chlamydlae,  melting 
(thermal  denaturatlon)  point  determinations  have  been  made  on  DNA  prepara- 
tions from  several  organisms  of  this  group,  including  some  TRIC  agents. 
From  the  melting  points,  the  percentages  of  guanoslne  +  cytoslne  {%   G-C) 

'  in  the  nucleic  acids  can  be  computed,  values  which  have  had  taxonomic  value 
in  the  case  of  various  bacterial  species. 
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%   deviation 

strain  designation 

f«G-C 

from  mean 

Cal-10 

41.5 

2 

Montana  8519 

43.8 

3 

McKercher  1101 

42.2 

.5 

D383 

41.2 

3 

33L 

41.3 

2.5 

MRC-l/G  (I£-1) 

44.4 

5 
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Results  obtained  Vms  far  are  as   follows: 

Agent  of: 

Ornithosis 

Ovine  abortion 

Sheep  pneumonitis 

Ornithosis 

I^ymphogranuloma  venereum 

Inclusion  conjimctivitis 

It  is  likely  that  distinct  differences  will  be  found  between  values 
obtained  with  the  above-named  agents  and  those  from  other  genera,  and 
between  values  for  TRIG  and  non-TRIC  chlamydia. 

10.  Strain  26  of  mouse  pneumonitis  agent.  This  strain  was  isolated 
during  serial  intraperitoneal  passage  of  mouse  liver  and  spleen,  a 
procedure  used  to  uncover  any  latent  agents  in  the  RML  mouse  colony. 
Abnormalcy,  consisting  of  ascites,  enlarged  spleen  and  liver,  and  fibrinous 
exudate  on  liver  and  spleen,  were  first  noted  in  mice  of  the  29th  passage. 
Comparison  of  strain  26  with  the  Nigg  and  de  Burgh  strains  of  mouse 
pneumonitis  is  presently  in  progress.  Principal  results  thus  far  are: 

Lethality     Sensitivity 

for  mice         to  In  mice  i.X). 

i.e.       sulfadiazine      Growth     Lethality 

26  low  no  yes  no 

Nigg         low  yes  no  no 

de  Burgh     high  no  yes  yes 

Behavior  of  strain  26  in  L  cell  monolayers  is  also  clearly  different  from 
that  of  the  other  2  strains  and  very  similar  to  that  of  sheep  pneumonitis . 
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Significance  to  bio-medical  research  and  the  program  of  the  Institute: 

The  number  of  known  reservoirs  of  chlamydiae  in  nature  continues 
to  expand  yearly.  Several  of  these  agents  are  now  found  in  domestic 
animals,  including  household  pets  in  which  they  cause  a  variety  of 
syndromes.  In  view  of  their-  increasing  importance  to  veterinary  medicine, 
it  seems  logical  that  they  might  be  of  greater  public  health  importance 
than  is  now  realized,  and  that  study  of  their  role  in  human  medicine 
should  be  continued.  One  chlamydial  disease  of  humans,  namely  trachoma, 
has  high  coramunicability  and  a  high  incidence  on  a  worldwide  basis .  It 
is  still  incompletely  controlled  by  either  drug  therapy  or  vaccination. 

Information  gained  with  the  FA  test,  DNA  thermal  denaturation 
studies,  growth  and  toxicity  studies  in  tissue  culture,  and  cross 
protection  and  neutralization  tests  in  mice  all  add  pieces  to  the  pruzzle 
of  the  relationships  between  chlamydiae  from  various  sources .  The  results 
showing  similarity  between  JH  and  TRIG  chlamydiae  were  entirely  consistent 
with  those  obtained  in  the  CF  test.  On  the  contrary,  the  taxonomic  nitch 
of  the  33L  strain  of  LGV  remains  obscure.  Our  studies,  both  in  mice  and 
in  tissue  culture,  indicate  striking  differences  between  it  and  the  JH 
strain.  The  question  arises  whether  it  is  a  true  KiV  organism  or  a 
psittacosis  "fellow  traveler" . 

Alternative  hypotheses  for  the  differences  in  the  amo-unt  of 
protection  conferred  to  mice  by  "fast"  and  "slow"  TRIG  strains  (see 
previous  reports)  are  either  l)  that  significant  antigenic  differences 
exist  between  the  2  groups  of  organisms,  or  2)  that  the  "fast"  strains 
multiply,  thereby  giving  a  greater  immunogenic  stimulus.  Our  findings, 
while  they  do  not  exclude  the  former  hypothesis,  provide  additional 
evidence  supporting  the  latter.  This  possibility  has  important  bearing  on 
the  direction  of  research  toward  development  of  a  successful  vaccine  for 
prophylaxis  against  trachoma. 

The  finding  of  neutralizing  activity  in  LGV-patient  serums  indicated 
that,  even  tho-ugh  the  JH  strain  has  been  in  the  laboratory  for  29  years, 
it  still  is  immunologically  related,  if  not  identical,  to  LGV  strains 
active  in  Washington,  D.C.,  today.  The  lack  of  difference  between  the  JH 
and  TRIG  strains  in  cross  protection  and  neutralization  tests  suggests  that 
trachoma  and  LGV  may  be  related  immunologically.  This  possibility  could 
have  an  important  bearing  on  the  patterns  of  disease  occurrence.  However, 
TE-55  and  MRG-l/G  are  controversial  TRIG  strains,  and  their  origin  is 
suspect.  Gonclusive  evidence  can  only  be  obtained  by  demonstrating  that 
bona  fide  ;jnaltered  TRIG  and  LGV  strains  are  immimologically  similar.  The 
mouse  system  will  probably  never  provide  the  complete  answer,  because 
"wild"  TRIG  strains  do  not  cause  disease  in  mice. 
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While  the  yollc-sac  of  chick  embryos  has  conveniently  been  a 
universal  habitat  for  growth  of  all  chlamydiae,  cultivation  in  cell  mono- 
layers has  several  advantages,  including  easier  purification,  estimation 
of  extent  of  growth  by  microscopic  examination,  and  the  identification 
value  of  inclusion  type  as  seen  in  stained  monolayers.  Additional  knowledge 
gained  from  our  work  on  growth  characteristics  of  chlamydiae  in  cell 
cultures  is  of  obvious  value . 

While  the  CF  test  has  been  the  "old  reliable"  for  serologic 
diagnosis  of  acute  systemic  chlamydial  infections,  the  RIP  test  has  already 
been  foxmd  superior  in  study  of  trachoma.  Indications  are  that  its  value 
is  similar  in  attempts  to  correlate  at  least  some  myocarditis  cases  with 
chlamydial  infection.  Hopefully  further  improvement  of  the  test  will  make 
it  of  still  greater  value. 

Our  own  DNA  homology  studies,  previously  reported,  have  shown  a 
close  genetic  similarity  among  the  agents  studied  (all  non-TRIC).  These 
data  have  stimulated  other  investigators  to  do  similar  studies  with  TRIG 
versus  non-TRIC  agents .  Differences  between  the  two  groups  have  been 
demonstrated,  thus  adding  support  to  other  proposals  for  two  species. 
Chlamydia  psittaci  and  C..  trachomatis .  into  which  all  chlamydiae  can  be 
classified.  Data  from  our  own  melting  point  determinations  thus  far  also 
support  this  major  division. 

Proposed  course  of  •project: 

Nearly  all  of  the  individual  studies  described  above  need  further 
time  and  effort  for  completion.  Hence  the  project  will  be  continued  along 
the  same  lines.  FA  tests  of  hyperimmune  guinea  pig  seryms  will  be 
completed  and  studies  of  the  pathogenesis  of  TRIC  infection  will  be 
continued.  Other  "fast"  TRIC  strains  will  be  examined  for  pathogenicity 
and  immunogenicity  in  mice  and  adaptation  of  a  "slow"  TRIC  (Cr-3)  strain 
to  the  mouse  system  Yd.ll  be  attempted. 

Since  new  isolations  of  LGV  are  urgently  needed,  the  possibility 
of  on-site  inoculation  of  clinical  materials  into  susceptible  hosts  will 
be  explored  in  the  District  of  Coliimbia. 

With  the  problem  of  nonspecificity  in  RIP  tests  presumably  solved 
and  a  more  precise  method  available  for  determining  specific  radioactivity 
of  antigens,  labeling  of  antigens  v/ith  ll31  will  be  reinvestigated,  since 
this  approach  offers  the  best  possibilities  for  a  still  more  sensitive 
RIP  test. 
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Chlamydial  toxicity  in  tissue  cultures  has  apparently  received 
little  attention  or  recognition  elsev/here  and  hence  will  be  examined 
further.  It  can  certainly  not  he  Ignored  in  mass  production  of  the 
organisms  in  tissue  cultures,  and  it  likely  also  will  have  taxonomic  value, 
Neutralization  of  it  by  rooster  antiserums  and  by  immime  mouse  ascitic 
fluid  will  be  included  in  further  studies , 

The  present  project  on  DNA  will  be  completed  as  quickly  as  possible 
but  further  work  of  this  type  probably  will  not  be  initiated  immediately. 
Comparison  of  strain  26  mouse  agent  with  other  isolates  from  normal  mice 
and  with  sheep  pneumonitis  agent  will  be  continued;  likewise,  RIP  testing 
of  serums  from  myocarditis  patients,  in  cooperation  with  Dr.  Morrissey. 
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Project  Description: 

Objectives: 

To  develop  systems  of  vector  (insect  and  tick)  tissue  and  cell 
culture  and  to  apply  these  to  the  study  of  arthropod-borne  disease,  and 
to  clarify  the  development  and  behavior  of  viral,  rickettsial  and 
bacterial  agents  in  naturally  or  experimentally  infected  arthropod  vectors 
with  special  emphasis  on  physiological  interactions  between  these  agents 
and  their  arthropod  hosts . 
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Methods  employed: 


Established  cell  lines  and  primary  tissue  cultures  of  insects 
and  ticks  are  prepared  by  methods  developed  largely  at  this  laboratory. 
These  are  Investigated  for  ability  to  support  the  growth  of  arboviruses 
and  rickettsias.  Microbial  infections  in  arthropods  are  studied  by 
fluorescent  antibody  (FA)  techniques  and  electron -micros copy.  Also  used 
are  routine  techniques  in  medical  entomology,  microbiology  and  special 
methods  for  preparing  FA-labelled  con j\:igates . 

Major  findings; 

1.  The  Antheraea  cell  line,  previously  adapted  to  grow  rapidly 
in  the  absence  of  insect  hemolymph,  has  been  cloned.  Cells  from 
resultant  clones  are  being  characterized  from  a  morphological  and 
physiological  standpoint,  and  for  their  ability  to  support  growth  of 
pathogenic  agents.  Since  the  last  report,  at  which  time  20  viruses  had 
been  tested  for  ability  to  grow  in  this  cell  line,  \L,   additional 
arboviruses  have  been  tested.  Bunyamwera  virus  and  two  members  of  the 
California  group  survived  or  propagated  to  low  levels  therein,  but 
yellow  fever  (17 -D)  and  Cache  Valley  viruses  increased  6.0  and  4-. 5  logs 
respectively  beyond  amounts  inoculated.  Viruses  failing  to  propagate, 
or  which  deteriorated  commensurate ly  with  cell-free  controls,  were  all 
members  of  groups  A,  C  and  Tacaribe.  Of  special  interest  is  that 
Japanese  encephalitis  and  yellow  fever  viruses  increased  to  significantly 
higher  levels  than  those  obtained  by  other  investigators  using  Antheraea 
cells.  This  possibly  reflects  the  prolonged,  rapid  growth  characteristics 
of  the  hemolymph-free  substrain. 

Continued  attempts  have  been  made  to  demonstrate  cytopathogenic 
effect  upon  infection  of  these  cells  with  viruses .  Approaches  include 
forcing  these  predominately  suspended  cells  to  revert  to  an  attached 
phase,  thus  facilitating  microscopic  inspection  for  CFE.  Through 
alternate  trypsinization  and  freezing  a  cell  lineage  emerged  which  is 
predominately  attached,  and  which  retains  this  characteristic  even  when 
grown  in  spinner  cultures .  However,  regardless  of  vessel,  growth  never 
becomes  confluent  and  a  contiguous  monolayer  is  never  formed.  The 
Antheraea  cell  line,  and  clones  and  substrains  thereof,  are  routinely 
being  monitored  for  contamination  by  mycoplasma-like  agents  or  by  other 
cell  lines  currently  in  use  in  this  department.  Cells  were  found  to  be 
apparently  mycoplasma-free  at  the  95th  passage  level. 
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2.  A  preliminary  study,  in  which  the  Antheraea  cell  line  is 
tested  for  ability  to  support  the  growth  of  Coxiella  burneti.  is  underway. 
C.   bumeti-inoculated  cultures  were  sampled  and  stained  at  weekly 
intervals.  Percentage  of  infected  cells  remained  low  (less  than  0.5/b) 
for  3  weeks  but  progressively  increased  to  over  99^  at  11  weeks.  Although 
gross  morphological  changes  were  apparent  in  the  infected  cells,  the 
.microorganism  is  apparently  well  tolerated,  for,  even  when  nearly  all 

cells  have  been  invaded,  the  culture  is  not  destroyed.  Growth  of 
rickettsias  in  these  cultures  has  been  confirmed  and  titration  assays  to 
obtain  growth  curves  are  contemplated. 

3.  Attempts  to  establish  cell  lines  from  primary  tick  tissue 
cultures  continue.  A  promising  micromethod  for  study  of  the  growth  of 
tick  hemocytes  in  vitro  is  currently  under  study,  and  attempts  have  been 
renewed  to  cultivate  embryonic  and  larval  tick  cells .  A  niiraber  of  long- 
term  primary  tick  tissue  cultures  were  lost,  the  trouble  finally  being 
traced  to  a  cytotoxic,  heat-labile  substance  in  commercially  obtained, 
and  supposedly  heat-inactivated,  calf  serum. 

4.  A  recently  published  technique  for  the  separation  of  7  S  gamma 
globulin  (Baumstark  et  al.,  1964)  has  successfully  been  applied  to  the 
preparation  of  fluorescent  antibody  con j\:igates .  This  technique  is  a 
simple,  economical  and  rapid  procedure  making  it  possible  to  prepare 
conjugates  within  48  hours . 

5.  During  studies  of  the  development  of  Rickettsia  prowazeki  in 
intracoelomically  inoculated  ticks,  fluorescent  antibody  staining 
revealed  the  presence  of  extracellular  rickettsias  with  flage Hum-like 
extensions.  These  formations  have  now  also  been  detected  in  yolk-sac 
smears  of  infected  chick  embryos  s\:iggesting  that  they  may  represent  a 
stage  in  a  developmental  cycle  of  R.  prowazeki  far  more  complicated  than 
it  is  generally  assumed. 

6.  Quantitative  analysis  of  "transovarial"  transmission  of 

R.  rickettsi  by  Dermacentor  andersoni  and  Haemaphvsalis  leporispalus tris 
(Hip)  was  continued.  It  appears  now  well  established  that  the  rabbit 
tick.  Hip,  under  experimental  condition  at  least,  does  become  infected 
with  virulent  R.  rickettsi  and  maintains  this  agent  transovarially . 
However,  filial  infection  rates  vary  considerably,  ranging  from  as  low 
as  4^  to  as  high  as  100^  in  each  of  3  tick  generations  tested  so  far. 
This  is  in  contrast  to  the  \miformly  100^  of  infection  rates  of  Hip 
infected  v/ith  the  avirulent  Hip  strains  of  R.  rickettsi. 
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SignificaxLce  to  bio-medical  research  and  the  iprogram  of  the  Institute! 

The  hemolymph-free  Aatheraea  cell  line  offers  a  substrate  for  the 
growth  of  arboviruses  and  rlckettsia  at  low  temperatures,  in  vivo,  and 
in  insect  cells.  Conceivably  it  could  also  provide  a  system  for  the 
production  of  arbovirus  antigens  free  from  cellular  components  of 
vertebrate  origin  and,  depending  upon  its  selectivity,  of  extraneous 
viral  agents  from  this  source.  Successful  cloning  of  this  cell  line 
provides  a  means  to  definitively  study  selectivity.  Near  complete 
rickettsial  infection  of  Antheraea  cells  unaccompanied  by  cell  destruction 
is  indicative  of  a  symbiotic  relationship  (sens.  lat.).   It  may  offer  a 
unique  means  to  study,  -under  controlled  conditions,  a  basic  aim  of  this 
project:  mechanisms  by  which  virulent  pathogens  of  vertebrates  are 
tolerated  by  vector  cells . 

Modification  in  the  preparation  of  fluorescent  dye-labeled  gamma 
globulin  provides  a  technique  by  v/hich  conjugates  can  be  prepared  more 
economically  and  more  rapidly  than  before. 

Precise  characterization  of  the  "tail-forms"  of  R.  prowazeki  is 
essential  in  view  of  speculations  by  other  workers  (primarily 
Czechoslovakia)  that  pathogenic  rickettsias  undergo  a  rather  complicated 
developmental  cycle. 

Recovery  of  a  virulent  strain  of  R.  rickettsi  from  the  blood  of  a 
snowshoe  hare,  a  common  host  of  Hip  in  mountainous  areas,  and  the  present 
data  on  transovarial  transmission  indicate  that  this  tick  does  have 
access  to  virulent  spotted  fever  rickettsias  and  is  capable  of  maintaining 
them  through  subsequent  tick  generations .  Differences  in  biological 
properties  between  the  rickettsia  from  D.  andersoni  and  that  from  Hip 
are  further  evidence  that  these  organisms  are  distinct  entities  occurring 
in  nature  independently  of  each  other. 

Proposed  course  of  project; 

Further  characterization  of  the  hemolymph-free  Antheraea  cell  line, 
and  clones  and  substrains  thereof,  is  planned.  Virus  affinities  will  be 
studied  once  vertebrate  tissue  culture  has  supplanted  the  use  of  suckling 
mice  as  assay  systems.  Such  conversion  is  in  progress.  A  recently 
developed  line  of  cells  from  the  mosquito,  Aedes  aegypti.  has  been 
obtained  and  is  under  study.  Studies  of  the  growth  of  rickettsias  in 
arthropod  cell  cultures  will  continue. 

Studies'  on  the  biology  of  R.  nrowazeki .  Wolbachia  spp.  and 
Treponema  granulosa  n.  sp.  will  be  continued  with  emphasis  on 
ultramicroscopic  investigations  of  morphology  and  development. 
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Two  thirds  of  the  originally  planned  quantitative  studies  on 
transovarial  transmission  of  spotted  fever  rickettsias  have  been  completed 
and  the  project  recently  entered  its  last  phases  with  the  infection  of 
D.  variabilis  with  strains  of  spotted  fever  rickettsias  isolated  in 
eastern  U.S.A. 


Honors  and  Avmrds : 

Dr.  W.  Burgdorfer 

Appointed  Associate  Member  of  the  Commission  on  Rickettsial  Diseases 
of  the  Armed  Forces  Epidemiological  Board. 

Invited  by  WHO  to  participate  in  a  Seminar  on  the  Ecology,  Biology 
and  Control  of  Ticks  and  Mites  of  Public  Health  Importance,  Geneva, 
December  11-15,  1967. 

Invited  to  submit  for  the  new  edition  of  Herms '  textbook  on  medical 
entomology  several  photographs  illustrating  rickettsial,  viral  and 
spirochetal  agents . 

Invited  by  the  editors  of  Bloscience  (American  Institute  of 
Biological  Sciences)  to  prepare  a  maniJiscript  relevant  to  the 
biological  development  of  disease  agents  in  arthropods. 

Invited  by  the  National  Organizing  Committee  of  the  8th  International 
Congresses  on  Tropical  Medicine  and  Malaria,  Teheran,  to  act  as 
Vice-Chairman  of  Subdivision  on  Infective  and  Parasitic  Infections, 
and  to  chair  the  Section  on  Spirochetal  Infections . 

Dr.  C.  E.  Yunker 

Invited  to  present  a  paper  on  "Arboviruses  in  Insect  Cell  Cultiires" 
at  International  Congress  of  Tropical  Medicine,  Teheran,  Sept.  1968. 

Reviewer  by  request  for  Division  of  Research  Grants,  NIH. 
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Publications: 


Yunker,  C.  E.  and  Cory,  J.:  Grovrth  of  Colorado  tick  fever  (CTF) 
viriis  In  primary  tissue  cultures  of  Its  vector,  Dermacentor 
andersonl  Stiles  (Acarina:  Ixodldae),  vri. th  notes  on  tick  tissue 
culture.  Exp.  Parasit.  20:   267-277,  June  1967. 

Burgdorfer,  W.  and  Ormsbee,  R.  A.:  Development  of  Rickettsia 
prov/azeki  in  certain  species  of  ixodld  ticks.  Acta  Virol.  12: 
36-40,  Jan.  1968. 

Pickens,  E.  G.,  Gerloff,  R.  K.,  and  Burgdorfer,  W.:  Spirochete 
from  the  rabbit  tick,  Haemaphvsalls  leporispalustris  (Packard). 
1.  Isolation  and  preliminaiy  characterization.  J.  Bact.  95: 
291-299,  Feb.  1968. 


In  press: 

Yunker,    G.  E.  and  Cory,    J.:      Infection  of  Grace's  Antheraea  cells 
with  arboviruses .     Amer.   J.  Trop.  Med. 
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Project  Description: 

Objectives: 

These  studies  are  directed  toward  attempts  to  clarify  certain  phases 
of  host/arthropod  relationships.  Emphasis  is  centered  on  identifying  the 
mechanisms  that  permit  animals  to  become  resistant  to  the  feeding  of 
arthropods  and  factors  governing  the  responses  of  parasitized  animals  to 
Infection  with  various  microorganisms. 

Methods  employed: 

Again  extensive  use  has  been  made  of  the  host-parasite  system 
developed  at  RML  whereby  measurable  and  predictable  populations  of  lice 
can  be  developed  on  certain  strains  of  laboratory  mice  by  restriction  of 
self -grooming.  In  certain  phases  of  these  studies  other  laboratory 
animals  have  been  utilized  and  a  variety  of  routine  microbiological, 
immunological  and  entomological  techniques  are  employed. 
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Ma.ior  findings: 

Most  of  the  experiments  conducted  this  year  have  been  aimed  at 
determining  the  mechanisms  concerned  with  the  development  of  resistance 
in  louse  parasitized  mice . 

Immunology  and  chemical  analysis.  In  conjunction  with  attempts  to 
induce  resistance  in  mice  to  infection  by  Polvplax  serrata.  fractionation 
and  identification  of  various  antigenic  components  of  lice  was  attempted. 
In  early  attempts  to  fractionate  lice  they  were  ground  with  sterile  sand 
in  a  mortar  and  pestle .  This  treatment  did  not  result  in  a  uniform 
breakdown  of  these  chitenous  ectoparasites .  They  were  then  processed 
through  the  Sorvall-Ribi  cell  fractionator  at  15,000  psi.  As  evaluated 
in  the  electron  microscope  there  was  a  90^  breakup  into  particles  about 
500  S.. 

Attempts  were  made  to  immunize  mice  with  suspensions  of  disrupted 
lice  (p.  serrata) .  Following  parenteral  injection  of  the  louse  suspension 
with  Freund's  adjuvant  no  alteration  in  the  immune  status  of  mice  could 
be  detected  by  l)  reaction  of  the  mouse  serums  with  louse  extract  in 
immunodiffusion  plates;  2)  delayed  hypersensitivity  following  footpad 
challenge  with  louse  extract;  or  3)  reduction  in  experimental  louse 
infestation.  However,  the  serums  of  immunized  mice  would  hemagglutinate 
sheep  erythrocyt.es  which  had  been  sensitized  with  the  louse  extract . 
Also,  when  the  louse  extract  was  both  injected  and  applied  topically  as 
a  suspension  in  DMSO,  the  treated  mice,  which  survived,  supported  fewer 
lice  during  experimental  infestation  than  did  control  animals. 

In  other  experiments  antibodies  to  at  least  to\rc   different  louse 
antigens  could  be  detected  in  antiserums  from  rabbits  which  had  been 
hyperimmunized  with  the  louse  extract . 

Significance  to  bio-medical  research  and  the  program  of  the  Institute: 

As  previously  stated,  the  aim  of  these  studies  on  reaction  of  the 
host  to  the  feeding  of  arthropods  is  to  find  methods  that  will  enable  us 
to  protect  man  and  animals  from  their  deleterious  effects.  To  this  end 
we  are  trying  to  define  the  mechanism  whereby  animals  become  resistant  to 
the  feeding  of  arthropods.  In  these  studies  we  have  made  extensive  use 
of  the  mouse-louse  parasite  system  developed  at  RML.  Accessory  to  these 
studies  a  new  method  of  uniformly  breaking  down  of  chitenous  animals  by 
use  of  the  Ribi-Sorvall  pressure  cell  has  been  devised. 
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Proposed  course  of  pro.leet; 

During  the  next  year  we  hope  to  have  the  results  of  the  extensive 
study  of  the  pathology  produced  in  the  skin  of  mice  by  various  levels  of 
louse  infestation. 

Hopefully  the  studies  initiated  to  determine  the  natirre  of  the 
louse  antigen  will  be  continued  by  the  imm\mologists  at  RML.  During  the 
year  a  spectrofluorometer  was  purchased  and  studies  are  planned  to 
determine  histamine  and  serotonin  levels  in  infested  versus  resistant 
mice.  Further,  we  plan  to  study  the  effect  of  the  histamine  sensitizing 
factor  from  Bordetella  pertussis  on  the  ability  of  certain  strains  of 
mice  to  become  resistant  to  lice. 


Publications: 

Clifford,  C.  M.,  Bell,  J.  F.,  Moore,  G,  J.,  and  Raymond,  G.: 
Effects  of  limb  disability  on  lousiness  in  mice.   IV.  Evidence  of 
genetic  factors  in  susceptibility  to  Polvplax  serrata .  Exp.  Par as it. 
20:   56-67,  Feb.  1967. 

Clifford,  C.  M.,  Yunker,  C.  E.,  and  Corwin,  M.  D.:   Control  of  the 
louse  Polvplax  serrata  with  systemic  insecticides  administered  in 
Silastic®  rubber  implants.  J.  Econ.  Entom.  60:   1210-1213,  Oct.  1967, 
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Sxmimary  of  Activities 

Laboratory  of  Bacterial  Diseases 

July  1,  1967  through  June  30,  1968 

The  research  program  of  the  Laboratory  of  Bacterial  Diseases  has 
continued  in  the  same  general  areas  noted  in  last  year's  report. 

Taxonomic  Relationships  Among  the  Mycoplasma.   Dr.  Joseph  Tully  has 
continued  an  investigation  of  the  M.  laidlawii  -  M.  granularum  group,  extend- 
ing his  previous  studies.  These  organisms  share  many  properties  including 
the  ability  to  grow  in  serum-free  media,  carotenoid  synthesis,  identical 
fermentation  patterns,  and  some  antigenic  components.   In  an  effort  to  identify 
specific  properties  that  would  distinguish  these  species,  Dr.  Tully  employed  a 
fluorescent  antibody  method  using  agar-grown  colonies  viewed  with  reflected 
ultraviolet  light.   This  method  yielded  clear-cut  differentiation  of  the  two 
species  without  significant  cross  reactions.   In  collaboration  with  Dr.  S. 
Razin  of  Hebrew  University,  the  electrophoretic  patterns  of  the  whole  cell 
proteins  of  several  of  these  strains  were  examined.   This  study  showed  that  a 
portion  of  the  protein  pattern  of  M.  laidlawii  was  different  from  that  of  M. 
granularum,  however,  the  two  showed  similar  bands  in  the  lower  halves  of  the 
stained  acrylamide  gel  strips  which  probably  represent  common  components 
responsible  for  the  shared  serological  reactions. 

This  study  of  a  large  number  of  M.  laidlawii  strains  recovered  from 
animal  hosts  gave  the  first  definitive  evidence  that  this  species  occurs  in 
swine,  often  in  association  with  M.  granularum.   This  raises  the  question 
whether  M.  laidlawii  is  entirely  saprophytic  or  may  play  a  parasitic  or  even 
pathogenic  role  alone  or  in  combination  with  M.  granularum  which  has  been 
associated  with  arthritis  in  swine. 

During  the  course  of  the  study,  two  tissue  culture  mycoplasma  isolates, 
unrelated  serologically  to  either  M.  laidlawii  or  M.  granularum,  were  found  to 
grow  in  the  absence  of  serum.  They  are  also  incapable  of  synthesizing  carote- 
noids.  These  are  the  first  instances  in  which  non-sterol  requiring  mycoplasma 
have  been  found  devoid  of  carotenoids  in  the  cytoplasmic  membrane.  The  meta- 
bolic characteristics  of  these  strains  are  thus  of  fundamental  interest. 

Role  of  Mycoplasma  in  Disease.   In  collaboration  (Dr.  Tully)  with 
investigators  at  Sloan- Kettering  Memorial  Hospital  and  Rockefeller  University, 
various  mycoplasma  strains  have  been  recovered  from  the  lungs  and  other 
tissues  of  laboratory  dogs  with  pneumonia,  and  from  the  conjunctiviae  of 
laboratory  cats  with  acute  coryza.   Some  of  the  canine  strains  were  identified 
as  M.  canis  and  M.  maculosum  previously  described  as  normal  flora  of  dogs. 
Several  other  strains  recovered  from  the  lungs  of  dogs  with  pneumonia  appear 
to  be  new  serotypes  and  intimately  associated  with  pulmonary  pathology.   An^ 
experimental  attempt  to  induce  pneumonia  in  dogs  with  these  strains  is  now  in 
progress.   The  mycoplasma  recovered  from  cats  are  unrelated  to  other  serotypes 
in  stock.   They  are  being  tested  against  an  array  of  strains  from  other 
animal  hosts. 


The  role  of  mycoplasma  in  human  disease  has  also  been  pursued,  particu- 
larly the  role  of  M.  hominis  in  septicemias  occurring  in  postpartum  patients. 
In  this  connection  the  extent  of  antigenic  heterogeneity  among  M.  hominis 
strains  has  been  investigated.   This  study  was  prompted  by  reports  of  failure 
to  demonstrate  antibody  rise  in  experimental  infections  in  man  to  other  than 
to  the  challenge  strain.   Six  laboratory  strains  of  M.  hominis  were  used  as 
antigens  for  detection  of  antibody  in  paired  sera  from  two  patients  with 
naturally  occurring  M.  hominis  septicemias.   Almost  identical  results  were 
obtained  with  all  antigens,  lending  some  assurance  that  stock  strains  of  M. 
hominis  are  useful  for  measuring  the  immune  response  by  indirect  immuno- 
fluorescence. 

Pathogenicity  and  Pathogenesis  of  Mycoplasma  in  Conventional  and 
Germfree  Animals.   Dr.  David  Madden  has  continued  his  studies  of  the  patho- 
genicity of  mycoplasma  strains  for  aberrant  hosts  and  his  collaborative 
studies  with  Dr.  Richard  Horton,  Laboratory  of  Germfree  Animal  Research,  on 
the  response  of  germfree  animals  to  exposure  or  infection  with  various 
mycoplasma  strains. 

Two  strains  of  M.  arthritidis  previously  designated  as  M.  hominis 
type  II,  were  inoculated  into  germfree  rats.   No  signs  of  infection  resulted, 
nor  were  the  organisms  detectable  by  cultural  methods  at  7  days'  postinocula- 
tion.   Another  strain  of  M.  arthritidis  (rat  source)  produced  inflammatory 
lesions  in  both  germfree  and  conventional  animals.   The  sequelae  appeared  to 
be  more  severe  in  the  conventional  animals.   However,  the  germfree  animals 
became  infected  with  a  smaller  challenge  dose  (several  logs  difference). 
This  finding  suggests  the  use  of  the  germfree  animal  in  further  studies  of 
the  factors  operative  in  the  pathogenesis  of  infection  with  M.  arthritidis. 

In  addition  a  pathogenic  strain  of  M.  arthritidis  was  inoculated 
intravenously  into  chickens,  guinea  pigs,  mice  and  monkeys.   Mild  transient 
lesions  were  produced  in  mice,  and  low  levels  of  antibody  appeared  in  the 
sera  of  the  guinea  pigs,  mice  and  monkeys;  the  chickens  were  unresponsive. 

Further  studies  of  the  action  of  avian  strains  in  chickens  have  been 
done  but  due  to  technical  factors  and  repeated  appearance  of  contamination 
in  the  tanks,  conclusions  are  not  available. 

DNA  Homology  in  the  Genus  Brucella.   The  Laboratory  Chief's  research 
efforts  have  continued  on  DNA  homology  and  phylogenetic  relationships  within 
the  genus  Brucella.   In  a  continuation  of  a  collaborative  study  with  Dr.  Bill 
Hoyer  (LBV)  the  relationships  of  the  DNA's  obtained  from  B.  ovis  and  B^.  canis 
to  the  DNA's  of  the  recognized  species  of  Brucella  have  been  further  clarified. 

Using  the  membrane  filter  technique  and  competitive  reassociation, 
definitive  results  were  obtained  clarifying  the  relationship  of  the  B.  ovis 
genome  to  that  of  the  other  members  of  the  genus.   By  recovery  and  re-use  in 
competition  experiments  of  bound  radiolabeled  fragments,  and  by  fractionation 
on  hydroxy lapatite,  evidence  was  obtained  indicating  that  B.  ovis  differs  from 
the  rest  of  the  organisms  in  the  genus  by  a  deletion,  or  deletions,  of  some 
polynucleotide  sequences  represented  in  the  genus  rather  than  by  having 


unique  sequences  not  represented  in  the  other  members  of  the  genus.   This 
organism  may  have  arisen  from  one  of  the  other  species  of  Brucella  by 
deletion^  or  loss,  of  a  portion,  or  portions  of  the  genome. 

The  DNA  of  the  causative  agent  of  canine  abortion  (B.  canis)  was  shown 
to  be  indistinguishable  from  that  of  the  classical  members  of  the  genus. 

On  the  basis  of  these  studies  we  have  recommended  to  the  members  of 
the  Advisory  Subcommittee  on  Brucella  for  the  revision  of  Bergey's  Manual 
that  both  B.  ovis  and  B.  canis  be  recognized  as  legitimate  species  within 
the  genus  Brucella.   The  Subcommittee  has  accepted  this  recommendation  and 
these  species  will  appear  as  such  in  the  forthcoming  edition  of  Bergey's 
Manua 1 . 

A  study  is  underway  of  the  phylogenetic  relationships  within  the  genus 
Brucella  making  use  of  appropriate  gene  transfer  experiments.   Stable  markers 
have  been  identified  in  B^.  ovis  which  can  be  used  for  identification  of 
possible  hybrids.  A  number  of  experiments  wherein  gene  recombination  could 
possibly  occur  have  been  done.   In  addition,  experiments  are  being  conducted 
attempting  direct  transformation  by  native  DNA  or  selected  DNA  fragments. 

Professional  Activities  of  the  Staff.   The  scientific  personnel  of  the 
Laboratory  have  continued  to  engage  in  many  professional  activities  related 
to  their  fields  of  interest.   These  activities  include  the  presentation  of 
talks  and  lectures,  and  the  presentation  of  papers  in  selected  areas  by 
invitation.   A  few  examples  are  presented.   Dr.  Tully  prepared  a  chapter  on 
"Murine  Mycoplasma"  for  the  forthcoming  text  on  '"Mycoplasmatales  and  the 
L-phase  of  Bacteria"  edited  by  L.  Hayflick  of  the  Wistar  Institute,  and  gave 
an  invited  talk  on  "Rodent  Mycoplasma"  before  the  Washington  Branch, 
American  Society  for  Microbiology.   Dr.  Madden  gave  an  invited  presentation 
on  the  biology  of  Mycoplasma  at  the  Annual  Meeting  of  the  American  Veterinary 
Medical  Association,  and  was  an  invited  discussant  at  a  Conference  on  Bovine 
Respiratory  Diseases  sponsored  by  the  U.  S.  Department  of  Agriculture  and 
the  American  Veterinary  Medical  Association. 

The  Laboratory  Chief  continues  to  serve  on  the  Expert  Panel  on 
Brucellosis,  WHO/FAO,  and  as  a  member  of  the  Expert  Taxonomic  Subcommittee 
on  the  Genus  Brucella  of  the  International  Committee  on  Bacteriological 
Nomenclature.   He  is  also  on  the  Board  of  Directors,  and  the  Subcommittee 
on  Research  of  the  National  Brucellosis  Committee,  Incorporated,  and  is  a 
member  of  an  Advisory  Subcommittee  for  the  revision  of  Bergey's  Manual.  At 
the  recent  Annual  Meeting  of  the  American  Society  for  Microbiology,  he 
participated  as  a  member  of  a  Round  Table  on  the  Immunochemis try  of  Brucella, 
and  chaired  a  half-day  session  on  Human  Infections.   Drs.  Tully,  Madden,  and 
McCullough  all  continue  to  participate  vigorously  in  the  Graduate  Program 
at  NIH. 
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Project  Description: 

Objectives : 

The  objectives  of  this  project  are  broad  and  studies  are  conducted  on 
all  aspects  of  brucellosis,  including  the  nutrition,  metabolism  and  enzymatic 
make-up  of  the  organism,  mechanism  of  action  of  antibiotics  on  the  organism, 
factors  determining  virulence  of  the  organism,  the  development  and  efficacy 
of  prophylactic  immunizing  agents,  field  studies  to  determine  the  occupational 
hazard  of  the  disease,  epidemiology,  diagnosis  and  therapy  of  the  disease  in 
man. 

Clinical  studies  concern  diagnostic  criteria  for  the  disease  in  man, 
especially  in  borderline  cases  of  chronic  illness  in  which  present  cultural 
and  serological  techniques  fail  to  provide  reliable  evidence  of  infection; 
studies  of  the  pathogenesis  of  the  disease;  and  the  evaluation  of  current 
therapeutic  regimens. 

Methods  Employed: 

The  Warburg  technique  is  employed  in  enzymatic  and  metabolic  studies; 
growth  in  a  synthetic  medium  is  used  for  nutrition  experiments;  guinea  pig 
inoculation  for  virulence  and  vaccine  studies;  occupationally  exposed  groups 
for  epidemiological  studies;  human  patients  for  studies  on  diagnosis  and 
therapy. 
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Major  Findings: 


In  last  year's  report  preliminary  results  of  a  collaborative  study 
with  Dr.  Bill  Hoyer  (LBV)  on  DNA  homology  in  the  genus  Brucella  were  reported. 
This  study  has  been  completed.   A  manuscript  covering  previous  studies  on  DNA 
homology  has  been  published  during  the  year.   The  results  of  the  current  study 
are  in  preparation  for  publication. 

Using  the  membrane  filter  technique  and  competitive  reassociation^ 
definitive  results  were  obtained  clarifying  the  relationship  of  the  B.  ovis 
genome  to  that  of  the  other  members  of  the  genus.   By  recovery  and  re-use  in 
competition  experiments  of  bound  radiolabeled  fragments^  and  by  fractionation 
on  hydroxy lapatite,  evidence  was  obtained  indicating  that  B.  ovis  differs  from 
the  rest  of  the  organisms  in  the  genus  by  a  deletion,  or  deletions,  of  some 
polynucleotide  sequences  represented  in  the  genus  rather  than  by  having  unique 
sequences  not  represented  in  the  other  members  of  the  genus.   This  organism 
may  have  arisen  from  one  of  the  other  species  of  Brucella  by  deletion,  or  loss, 
of  a  portion,  or  portions  of  the  genome. 

The  DNA  of  the  causative  agent  of  canine  infectious  abortion  (B.  canis) 
was  shown  to  be  indistinguishable  from  that  of  the  classical  members  of  the 
genus.  On  the  basis  of  these  studies  we  have  recommended  to  the  members  of 
the  Advisory  Subcommittee  on  Brucella  for  the  revision  of  Bergey's  Manual  that 
both  B.  ovis  and  ^.  canis  be  recognized  as  legitiiaate  species  within  the  genus 
Brucella.  The  Subcommittee  has  accepted  this  recommendation  and  these  species 
will  appear  as  such  in  the  forthcoming  edition  of  Bergey's  Manual. 

As  intimated  in  last  year's  report,  the  relationship  of  B.  ovis  to  the 
genus  Brucella  revealed  in  our  studies  suggests  the  possibility  of  establish- 
ing the  phylogenetic  origin  of  the  organism  by  appropriate  gene  transfer 
experiments.   Such  studies  are  underway.   Initially,  extensive  investigations 
were  undertaken  to  establish  the  stability  of  selected  markers  in  B.  ovis 
which  could  be  used  for  identification  of  possible  hybrids.   Several  such 
stable  markers  have  been  identified.   A  number  of  experiments  wherein  gene 
recombination  could  possibly  occur  have  been  done.   Suspicious  colonial  forms 
are  under  study  to  determine  whether  gene  transfer  has  occurred.   In  addition, 
possible  direct  transformation  by  native  DNA  or  selected  DNA  fractions  is 
under  study. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

The  results  of  these  current  studies  may  have  application  in  the  control 
and  eradication  of  brucellosis.   In  terms  of  world-wide  significance,  brucel- 
losis ranks  in  incidence  and  importance  with  malaria,  tuberculosis,  and  para- 
sitic diseases,  in  relation  to  the  welfare  of  mankind.   In  the  United  States 
it  is  still  a  cause  of  serious  economic  loss  to  the  livestock  industry,  is  an 
occupational  disease,  and  one  which  presents  many  problems  in  the  diagnosis 
and  therapy  of  the  infection  in  man.   The  organism  readily  lends  itself  to 
basic  studies. 
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Proposed  Course  of  Project: 

This  project  will  be  terminated  shortly  due  to  the  retirement  of  the 
senior  investigator. 

Publications : 

1.   Hoyer,  B.  H.  and  McCullough,  N.  B. :   Polynucleotide  Homologies  of 
Brucella  Deoxyribonucleic  Acids.   J.  Bact.  95:  444-448,  Feb.  1968. 
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Project  Description: 

Objectives : 

The  objectives  of  these  studies  cover  both  basic  and  applied  aspects 
of  Mycoplasma,  including  their  nutrition  and  metabolism,  mechanisms  of  viru- 
lence, immunological  interrelationships  among  human  and  animal  strains,  and 
their  role  in  human  infection  and  certain  other  mixed  bacterial,  viral  and 
protozoan  diseases  of  man  and  animals. 

Methods  Employed: 

Recovery  of  mycoplasma  from  various  hosts  was  accomplished  by 
standard  cultivation  techniques  and  all  agents  were  typed  by  fluorescent 
antibody  procedures. 

Major  Findings: 

Further  comparisons  of  the  physiological  and  serological  characteris- 
tics of  Mycoplasma  laidlawii  and  M.  granularum  strains  have  been  made. 
Prototype  strains  and  additional  cultures  isolated  in  this  Laboratory,  as 
well  as  those  received  from  other  investigators,  have  shown  that  both  sero- 
types share  many  properties,  including  the  ability  to  grow  in  serum-free 
media,  carotenoid  biosynthesis,  identical  fermentation  patterns,  and  some 
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common  antigenic  components.   In  an  effort  to  identify  specific  properties 
that  would  distinguish  these  serotypes^  other  serological  and  chemical 
techniques  were  explored.   The  use  of  a  fluorescent  antibody  method  employ- 
ing agar-grown  colonies  viewed  with  reflected  ultraviolet  light  revealed 
that  M.  granularum  strains  were  not  serologically  similar  to  M.  laidlawii. 
This  is  the  first  test  system  that  has  shown  these  mycoplasma  to  be  com- 
pletely distinct  and  without  significant  cross  reactions.   In  collaboration 
with  S.  Razin  of  Hebrew  University^  the  electrophoretic  patterns  of  the 
whole  cell  proteins  of  several  of  these  mycoplasma  were  examined.   The 
results  showed  that  a  portion  of  the  protein  pattern  of  M.  granularum  was 
different  from  M.  laidlawii.   However,  the  great  similarity  in  the  lower 
half  of  the  stained  acrylamide  gel  strip  among  these  mycoplasma  proteins 
indicated  that  the  common  components  were  probably  responsible  for  the 
shared  serological  reactions.   Each  of  the  other  human  and  animal  mycoplasma 
serotypes  examined  earlier  by  this  procedure  exhibited  a  rather  distinct 
protein  pattern  different  from  those  of  M.  granularum/M.  laidlawii. 

This  study  of  a  large  number  of  M.  laidlawii  strains  recovered  from 
animal  hosts  gave  the  first  definitive  evidence  that  this  serotype  also 
occurs  in  swine,  often  simultaneously  with  M.  granularum.   The  presence  of 
M.  granularum  in  swine  has  been  associated  with  arthritis  and  the  recovery 
of  M.  laidlawii  from  these  same  animals  would  indicate  that  further 
exploration  of  this  association  is  needed,  particularly  for  a  more  complete 
understanding  of  the  role  of  M.  laidlawii  alone  in  swine  arthritis.   The 
electrophoretic  procedure  also  identified  one  swine  isolate  as  similar  to 
M.  mycoides  var.  capri,  a  goat  strain. 

The  finding  of  a  close  biologic  relationship  between  M.  granularum 
and  M.  laidlawii  has  also  been  of  taxonomic  interest,  since  our  results 
indicate  that  there  are  other  non-sterol-requiring  mycoplasma  in  addition 
to  M.  laidlawii.   This  has  added  some  support  to  earlier  taxonomic  proposals 
of  other  investigators  for  the  creation  of  a  new  genus  in  this  group  of 
organisms  to  provide  status  for  those  strains  which  do  not  require  sterols. 
This  new  genus  should,  therefore,  include  M.  granularum  and  other  non-sterol- 
requiring  mycoplasma  as  they  are  described.   It  would  also  appear  from  our 
findings,  that  the  occurrence  of  M.  granularum  and  M.  laidlawii  in  numerous 
animal  hosts  contradicts  the  impression  that  these  serotypes  represent  sapro- 
phytes.  A  more  plausible  explanation  is  that  these  mycoplasma  are  either 
commensals  or  parasites  of  animals  and  reach  sewage  and  soil  possibly  through 
excreta  of  their  hosts.   Although  M.  laidlawii  has  not  been  reported  in  the 
stool  of  animals,  the  presence  of  competitive  flora  and  other  inhibitory 
substances  in  the  intestinal  or  urinary  tract  may  have  precluded  direct 
recovery  of  these  strains  from  these  sites. 

As  a  corollary  to  the  M.  laidlawii  study,  two  tissue  culture  myco- 
plasma strains  were  shown  to  grow  in  the  absence  of  serirni  but  neither  strain 
could  be  typed  as  M.  laidlawii  or  M.  granularum.   Further  investigations 
have  shown  them  to  have  many  of  the  biochemical  properties  of  the  Laidlaw 
group  but  to  be  incapable  of  synthesizing  carotenoids.   Since  all  other 
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non-sterol-requiring  mycoplasma  have  been  found  to  incorporate  carotenoids 
in  the  cell  membrane,  the  metabolic  characteristics  of  these  strains  are  of 
fundamental  interest.   Additional  work  on  the  serological  properties  and  the 
electrophoretic  patterns  of  cell  proteins  have  continued  to  indicate  that 
they  are  unrelated  to  the  Laidlawii  group  or  to  M.  granularum.   Further 
effort  is  being  extended  to  determine  their  relationship  to  other  mycoplasma 
serotypes  and  how  they  differ  from  other  non-sterol-requiring  strains. 

Additional  studies  during  the  year  involved  an  investigation  of 
mycoplasma  recovered  from  laboratory  dogs  and  cats  with  pulmonary  disease. 
In  collaboration  with  investigators  at  Sloan-Kettering  Memorial  Hospital  and 
Rockefeller  University  in  New  York,  various  mycoplasma  strains  have  been 
recovered  from  the  lungs  and  other  tissues  of  dogs  with  pneumonia,  and  from 
the  conjunctivae  of  cats  with  acute  coryza.   An  examination  of  the  biochemi- 
cal and  serological  properties  of  the  canine  strains  indicated  that  some 
strains  could  be  identified  as  M.  canis  and  M.  maculosum  serotypes,  and 
apparently  represented  previously  described  normal  flora  mycoplasma  of  dogs. 
Several  strains  isolated  from  the  respiratory  tract  and  lung  lesions  typed 
as  M.  spumans ,  a  serotype  that  has  to  this  time  only  been  found  in  the 
genitourinary  tract  of  dogs.   At  least  3  or  4  other  mycoplasma  strains  re- 
covered from  the  lung  lesions  of  dogs  with  pneumonia  appeared  to  be  new 
serotypes  and  more  intimately  associated  with  pulmonary  infection.   Extensive 
serological  testing  of  these  strains  in  this  Laboratory  against  other  myco- 
plasma serotypes  has  not  shown  sufficient  serological  relationships  for 
complete  identification.   A  study  to  determine  the  ability  of  these  myco- 
plasma strains  to  induce  experimental  pulmonary  disease  in  dogs  is  now  in 
progress.   The  mycoplasma  recovered  from  cats  are  also  unrelated  to  other 
serotypes  in  stock.   These  strains  are  now  being  tested  against  the  canine 
strains,  other  feline  mycoplasma,  and  mycoplasma  from  other  animal  hosts. 

The  role  of  mycoplasma  in  human  disease  has  also  been  of  continuing 
interest,  particularly  M.  hominis  septicemias  occurring  in  postpartum 
patients  and  as  a  consequence  of  gynecological  surgery.   Questions  arose 
over  the  specificity  of  the  antibody  response  to  M.  hominis  in  patients  with 
these  infections  and  whether  this  response  is  selective  only  to  the  homolo- 
gous mycoplasma  strain  recovered  from  the  individual  patient.   Some  antigenic 
and  genetic  heterogeneity  has  been  demonstrated  among  M.  hominis  strains  and 
these  minor  antigenic  differences  can  apparently  assume  some  importance. 
The  failure  to  detect  antibody  rise  in  some  experimental  M.  hominis  chal- 
lenges in  man  has  been  due  to  the  use  of  antigens  other  than  the  specific 
challenge  strain.   The  availability  of  paired  sera  from  two  patients  with 
M.  hominis  septicemias,  the  details  of  which  were  given  in  previous  Project 
Reports,  offered  an  opportunity  to  test  how  broad  their  antibody  response 
was  in  the  fluorescent  antibody  system.   Almost  identical  16  to  32-fold 
antibody  rises  were  observed  in  both  patients  to  six  M.  hominis  strains. 
The  results  appear  to  provide  some  assurance  that  laboratory  strains  of  M. 
hominis  are  useful  for  measuring  the  immune  response  by  indirect  immuno- 
fluorescence. 
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Significance  to  Bio-Medical  Research  and  the  Prosram  of  the  Institute: 

The  unique  host  specificity  originally  described  for  the  mycoplasma 
is  rapidly  changing  as  new  information  on  techniques  and  the  basic  biology 
of  this  group  of  organisms  unfolds.   As  a  consequence  of  this  new  information 
and  to  adequately  determine  the  role  of  mycoplasma  in  human  disease  and  in 
diseases  of  undetermined  etiology,  the  biological  and  serological  character- 
istics of  all  human  and  animal  mycoplasma  must  be  more  adequately  known  and 
described.   The  finding  of  some  additional  mycoplasma  serotypes  that  do  not 
require  sterols  for  growth  enhances  this  characteristic  as  a  broad  means  of 
differentiating  groups  of  these  organisms.   It  is  also  apparent  from  these 
studies  that  non-sterol-requiring  mycoplasma  are,  at  present,  not  being 
accurately  differentiated  because  of  the  presence  of  many  common  serological 
reactions  among  closely  related  strains.   Difficulties  in  reproducing  the 
experimental  arthritis  model  in  swine  with  M.  granularum  may  well  center 
around  a  mixed  infection  with  M.  granularum  and  M.  laidlawii.   The  possible 
occurrence  of  other  non-sterol-requiring  mycoplasma  that  do  not  synthesize 
carotenoids  may  alter  present  day  concepts  about  mycoplasma  nutrition.   The 
need  for  sterols  or  carotenoids  is  well  established  in  the  biosynthesis  of 
the  limiting  membrane  of  this  group  of  organisms  and  how  these  newly 
described  organisms  might  be  able  to  construct  membranes  without  sterols 
or  carotenoids  is  of  basic  interest. 

Proposed  Course  of  Project: 

Further  investigations  are  in  progress  on  the  sterol  requirements  of 
other  more  recently  described  mycoplasma  serotypes,  and  particularly  those 
relationships  between  growth  and  carotene id  or  sterol  needs.   The  canine  and 
feline  mycoplasma  associated  with  respiratory  disease  are  being  examined 
further  in  an  attempt  to  establish  their  identity  and  to  determine  whether 
they  are  capable  of  inducing  respiratory  disease  in  other  hosts. 

Honor  s  and  Award  s : 

Invited  talk  on  "Rodent  Mycoplasma"  before  the  Washington  Branch, 
American  Society  for  Microbiology,  23  January  1968. 

Publications : 

1.  Tully,  J.  G.  and  Rask-Nielsen,  R. :   Mycoplasma  in  leukemic  and  non- 
leukemic  mice.   Ann.  N.  Y.  Acad.  Sci.  143:  345-352,  July  1967. 

2.  Tully,  J.  G.  and  Razin,  S. :   Physiological  and  serological  com- 
parisons among  strains  of  Mycoplasma  granularum  and  Mycoplasma 
laidlawii.   J.  Bact.   May  1968  (in  press). 

3.  Tully,  J.  G.  and  Smith,  L. :   Postpartum  septicemia  with  Mycoplasma 
hominis.   J. A.M. A.  1968  (in  press). 


10 


Serial  No„   NIAID-207 

4.   Tully,  J.  G.:   Murine  Mycoplasmas.   In  Hayflick,  L.  (Ed.):   The 
Mycoplasmatales  and  the  L- Phase  of  Bacteria.   New  York^  New  York, 
Appleton-Century-Crof ts,  1968  (in  press). 
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Serial  No.   NIAID-208 
1.   Bacterial  Diseases 
2. 
3.   Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  I,    1967  through  June  30,  1968 

Project  Title:   Behavior  of  Selected  Strains  of  Mycoplasma 
in  Germfree  Animals 

Previous  Serial  Number:   Same 

Principal  Investigator:   David  L.  Madden,  D.V.M.,  Ph.D. 

Other  Investigators:   None 

Cooperating  Units:   Laboratory  of  Germfree  Animal  Research,  NIAID 
(NIAID-112) 

Man  Years  NIAID         Other  NIH    Guest      TOTAL 

Lab.  Staff    Personnel    Workers 

Total:         17/12  17/12 

Professional:    6/12  6/12 

Other:         11/12  11/12 

Project  Description: 

Objectives : 

To  determine  the  pathogenicity  of  certain  strains  of  mycoplasma  for 
germfree  animals;  to  study  the  serological  and  pathological  response  of  the 
host;  and  to  determine  the  viability  and  stability  of  mycoplasma  in  the 
germfree  animal. 

Methods  Employed: 

Standard  isolation,  serological,  histopathological  and  fluorescent 
antibody  techniques  are  employed. 

Major  Findings: 

A  pathogenic  strain  of  M.  arthritidis  produced  inflammatory  lesions 
in  germfree  and  conventional  animals.   There  appeared  to  be  no  difference 
in  the  incubation  time,  although  the  sequela  appeared  to  be  worse  in  the 
conventional  animals.   The  germfree  animals  appeared  to  be  several  logs  more 
sensitive  to  the  agent  than  the  conventional  animals. 
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A  strain  of  mycoplasma  isolated  from  rats  with  chronic  murine 
pneumonia  persisted  in  the  respiratory  tract  of  conventional  and  germfree 
animals  but  did  not  produce  signs  or  lesions  of  acute  infection. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

Although  it  is  well  established  that  there  are  several  pathogenic 
strains  of  mycoplasma,  there  is  still  much  uncertainty  as  to  the  signifi- 
cance of  many  strains  in  disease  processes.   The  apparent  difference  in  the 
sequela  of  the  germfree  and  conventional  rats  suggests  that  other  microbes 
may  play  a  part  in  the  production  of  lesions.   The  increased  sensitivity 
of  the  germfree  rat  to  M.  arthritidis  may  allow  one  to  examine  some  of  the 
factors  associated  with  pathogenicity.   Thus,  these  studies  may  clarify  the 
pathogenic  and  taxonomic  position  of  a  number  of  strains  and  their  relation- 
ships with  other  microbes  in  the  production  of  clinical  disease. 

Proposed  Course  of  Project: 

Major  emphasis  is  being  placed  on  the  germfree  chicken.   However, 
as  facilities  permit  and  additional  information  is  gained  in  conventional 
animals,  other  species  of  germfree  animals  may  be  used.   The  studies  on 
Clostridium  perfringens  are  nearing  completion  and  these  data  will  be 
prepared  for  publication. 
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Serial  No.      NIAID-209 
1.      Bacterial   Diseases 
2. 
3.      Bethesda,   Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,    1967  through  June  30^  1968 


Project  Title:   Biological  Characteristics  of  Mycoplasma  Strains 
When  Studied  in  an  Aberrant  Host 

Previous  Serial  Number:   Same 

Principal  Investigator:   David  L.  Madden,  D.V.M.,  Ph.D. 

Other  Investigators:   None 

Cooperating  Units:   Section  on  Infectious  Diseases,  Perinatal  Research 

Branch,  NINDB  (NINDB(CF)-62  PR/ ID  972  and  NINDB(CF)- 
65  PR/ ID  1238) 

Other  NIH    Guest      TOTAL 
Lab.  Staff    Personnel    Workers 

12/12 
3/12 
9/12 


To  determine  the  behavior  of  mycoplasma  organisms  in  hosts  other 
than  the  primary  host  (particularly  in  small  laboratory  animals).   To 
determine  their  viability,  pathogenicity  and  stability  in  such  hosts. 
To  determine  the  normal  mycoplasma  flora  of  monkeys  as  an  initial  step 
in  determining  the  susceptibility  of  these  animals  to  human  mycoplasma. 

Methods  Employed: 

The  more  important  and  representative  mycoplasma  strains  are  studied 
in  small  laboratory  animals,  initially  in  mice.   Animals  are  injected  intra- 
cranially,  intranasally,  intravenously  and  subcutaneous ly.   At  various 
intervals  they  are  killed,  examined  for  signs  and/or  lesions  of  infection 
and  cultured  for  the  presence  of  mycoplasma.   The  mycoplasma  recovered  are 
tested  for  homogenicity  by  the  growth  inhibition  method,  and  the  stability 
of  their  cultural  and  biological  properties  is  determined.   In  the  study  of 
the  normal  flora  of  monkeys,  nasal,  oral  and  genital  swabs  and  blood  samples 
are  obtained  and  cultured  for  mycoplasma.   Organisms  isolated  are  serologi- 
cally identified  by  the  indirect  FA  technique  and  growth  inhibition  test. 
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Man  Years 

NIAID 

Lab.  ! 

Total: 

12/12 

Professional: 

3/12 

Other : 

9/12 

Project  Description 

Obiectives : 

Serial  No.   NIAID-209 
Major  Findings: 

Two  strains  of  M.  arthritidis  previously  designated  as  M.  hominis 
Type  II  (human)  were  inoculated  into  germfree  rats.   These  strains  did  not 
produce  signs  of  infection  nor  were  they  detectable  by  cultural  methods  at 
7  days'  postinoculation. 

A  pathogenic  strain  of  M.  arthritidis  was  inoculated  intravenously 
into  chickens,  guinea  pigs,  mice  and  monkeys.   Mild  transient  lesions  were 
produced  in  the  mice  and  low  levels  of  antibodies  were  detected  in  sera  from 
guinea  pigs,  mice  and  monkeys;  the  chickens  were  unresponsive.   No  signs  of 
infection  or  antibodies  were  detected  in  guinea  pigs,  chickens  or  monkeys 
injected  into  the  foot  pads. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

Much  of  the  experimental  work  on  mycoplasma  must  be  done  in  similar 
hosts  because  of  lack  of  knowledge  concerning  the  reactions  in  various 
aberrant  hosts.   This,  in  both  human  and  veterinary  medicine,  limits 
greatly  the  information  that  can  be  obtained  by  _in  vivo  studies.   The  need 
for  suitable  experimental  hosts,  relatively  free  of  concomitant  contami- 
nation is  pressing. 

Proposed  Course  of  Project: 

Studies  of  the  various  strains  will  be  continued  in  mice  and  other 
laboratory  animals  as  time  and  facilities  permit.   The  span  of  strains 
studied  will  be  broadened  as  will  also  the  species  of  experimental  animals 
used. 

Honors  and  Awards: 

Publications : 

1.  Madden,  D.  L.  and  McCullough,  N.  B.:   Basic  Biological  Characteris- 
tics of  Mycoplasma.   J.A.V.M.A.  151:  1638-16A9,  Dec.  1967. 

2.  Madden,  D.  L. :   Discussion  of  Laboratory  Evaluation  of  Bovine 
Respiratory  Disease  Vaccines  for  Safety.   J.A.V.M.A.  152:  850-852, 
March  1968. 
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Serial  No.      NIAID-ZIO 
1.      Bacterial  Diseases 
2. 
3.      Bethesda,    Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1967  through  June  30,  1968 


Project  Title:   Physiological  and  Serological  Characteristics  of  Strains  of 
Mycoplasma  Isolated  from  Various  Species  of  Domestic  Animals 

Previous  Serial  Number:   Same 

Principal  Investigator:   David  L.  Madden,  D.V.M.,  Ph.D. 

Other  Investigators:   None 

Cooperating  Units:   None 

Man  Years  NIAID         Other  NIH    Guest      TOTAL 

Lab.  Staff    Personnel    Workers 

Total:         9/12  9/12 

Professional:   3/12  3/12 

Other:         6/12  6/12 

Project  Description: 

Objectives : 

To  define  the  physiological  properties  of  mycoplasma,  including  the 
nutritional  requirements,  metabolic  pathways  and  enzymatic  activities.   To 
determine  the  relationships  of  the  various  strains  in  regard  to  their 
serological,  biological  and  pathological  characteristics. 

Methods  Employed: 

Representative  mycoplasma  strains  are  maintained  to  serve  as  a 
reference  for  identification  and  comparison  of  the  mycoplasma  studied. 
Various  nutritional  media  and  tissue  culture  cell  lines  are  used  as  an 
initial  focusing  point.   Standard  agglutination,  agglutination-absorption, 
growth  inhibition,  fluorescent  antibody,  Warburg,  chromatography,  phase 
microscopy  and  chemical  techniques  are  employed. 

Major  Findings: 

Our  collection  of  mycoplasmas  continues  to  grow.   Of  the  several  areas 
of  confused  classification  we  have  now  collected  enough  avian  strains  and 
have  done  sufficient  preliminary  work  to  undertake  a  widescale  analysis  of 
the  various  serotypes  presently  proposed  for  inclusion  in  this  group, 
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We  have  recently  received  three  isolates  from  the  National  Animal 
Disease  Diagnostic  Laboratory  which  do  not  fit  into  the  standard  classi- 
fication in  their  metabolic  activity,  utilization  of  carbohydrate  with  the 
production  of  acid  or  utilization  of  arginine  or  urea  with  the  production  of 
a  base.   Studies  are  underway  to  determine  their  serological  relationship  to 
any  known  strains  and  their  metabolic  activation. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

The  pursuit  of  this  project  should  result  in  a  detailed  knowledge  of 
the  interrelationships  among  the  mycoplasmas.   Such  information  is  necessary 
for  understanding  the  role  of  these  organisms  in  the  production  of  disease 
in  animals  and  man.   Further,  this  project  should  result  in  information 
leading  to  the  ready  culture  of  mycoplasma  en  mass.   Such  techniques  are 
necessary  before  many  definite  metabolic,  enzymatic  and  immunological 
studies  can  be  undertaken. 

Proposed  Course  of  Project: 

Studies  will  be  done  to  determine  the  antigenic  and  chemical 
components  of  mycoplasma  cells,  to  determine  the  constituent  parts  of  a 
standard  medium  which  are  necessary  for  the  growth  of  mycoplasma,  and  to 
substitute  known  compounds  in  their  place.   Emphasis  will  be  placed 
initially  on  obtaining  maximal  cell  yield  of  each  strain.   Subsequently, 
the  other  studies  outlined  above  will  follow. 
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